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EFFECTS OF EXPOSURE TIME AND INTERTRIAL 
INTERVAL UPON DECREMENT TO THE 
MULLER-LYER ILLUSION! 


PAUL T. MOUNTJOY 


Denison University 


Decrement in magnitude of con- 
stant error to the Miiller-Lyer figure 
was reported to occur as a function of 
trials early in this century (3, 5, 6, 11). 
Recently interest in this phenomenon 
has been revived (7, 8, 9). Kohler 
and Fishback (7, 8) reported: an in- 
verse relationship between number of 
trials per day and magnitude of de- 
crement; greater decrement with 
spaced trials; additional decrement 
during overnight rest periods. Pre- 
liminary research (12) failed to verify 
these relationships and suggested al- 
ternative hypotheses. Decrement in 
magnitude of a response as a function 
of trials has long been referred to in 
the field of learning as “habituation” 
(4). If the change in response to the 
Miiller-Lyer figure is an habituatory 
decrement, it is related to experimen- 
tal variables in the same manner as 


! This paper is based upon a dissertation sub- 
mitted to the Graduate School of Indiana Uni- 
versity in partial fulfillment of the requirements 
for the Ph.D. degree. The author is indebted to 
J. R. Kantor, W. K. Estes, and H. G. Yama- 
guchi for many helpful suggestions during the 
course of this study. 


are habituatory decrements of other 
responses. 

Massed trials produce greater habit- 
uatory decrement (1, 14, 15). How- 
ever, the intertrial interval effect was 
not significant in a previous study of 
the illusion (12). Extraneous stimu- 
lation has been shown to retard 
habituation (2, 13, 15). Because the 
addition of an intertrial task results 
in movement-produced stimulation, 
the retarding effect of spaced trials is 
accentuated by the addition of an 
intertrial task. Conversely, massed 
trials and/or the omission of an inter- 
trial task results in greater decrement. 
Increased duration of stimulation re- 
sulted in larger habituatory decre- 
ment (16). Spontaneous recovery of 
habituated responses has been re- 
ported (2, 10, 13, 14, 15) and a greater 
number of habituation trials resulted 
in less spontaneous recovery (14, 15). 
Habituatory decrements are nega- 
tively accelerated and decreasing func- 
tions of number of trials (1, 2, 10, 13, 
16), until the asymptotic level of re- 
sponse has been reached. These find- 
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TABLE 1 


EXPERIMENTAL DeEsIGN 








Exposure Time (ET) 























| 





Note:—Each cell is divided into its components of ex- 
a pas. adjustment period (AP), and intertrial 
interval. 


ings allow analogous predictions to be 
made for decrements to the Miiller- 
Lyer figure. 


MetTHOoD 


Design.—Intertrial intervals and exposure 
times were varied in accordance with an inverted 
L design (Table 1). This basic design was twice 
replicated, and all Ss were run on two consecutive 
days. The first replication (Groups 1A, 2A, 3A, 
4A, and 5A) received 31 trials on Day 1. The 
second replication (Groups 1B, 2B, 3B, 4B, and 
5B) received only 13 trialson Day 1. The proce- 
dure of Group 1A was replicated without the 
intertrial task in Group CIA. The procedures 
of Groups 1A (Group 1C) and 5A (Group 5C) 
were replicated with a control figure on Day 1. 
All Ss received seven trials with the illusion 
figure on Day 2. There were 18 Ss randomly 
assigned to each of the 13 groups. 

Apparatus*—The illusion figure was the 
Brentano figure with the connecting lines omit- 


? A more detailed description of the apparatus, 
including a line drawing, may be obtained by 
ordering Publication No. 22,701 and remitting 
$2.00 for microfilm or $12.70 for paper enlarge- 
ments from University Microfilms, 313 N. First 
St., Ann Arbor, Michigan. 


ted. The three arrowheads were etched into 
sheets of clear Lucite with each arrowhead con- 
sisting of two lines 37 mm. long which met at a 
right angle. The two arrowheads of the stand- 
ard stimulus were on a single sheet with their 
points 153 mm. apart. The comparison stimu- 
lus arrowhead was on a separate sheet and could 
be moved from an extreme “in’’ position which 
represented an illusion of 125 mm. to an extreme 
“out” position which represented a negative 
illusion of 29 mm. An interchangeable pair of 
Lucite sheets containing a control figure was 
similarly constructed. The control figure was 
three vertical lines, each 74 mm. high. The 
vision of S was confined to the central portions 
of the Lucite sheets by a frame with inside meas- 
urements of 402 mm. in width and 191 mm. in 
height. A constant distance of 774 mm. be- 
tween S and the figures was maintained by a 
facepiece. Dark adaptation during the intertrial 
interval was prevented by a white fluorescent 
tube mounted to illuminate the space between 
the facepiece and the shutter used to control 
the exposure of the figures. The S adjusted the 
comparison stimulus by means of a knob located 
directly below the center of the facepiece, and 
the position of the comparison stimulus was 
automatically recorded by a paper chart drive. 
A telegraph key was mounted directly below the 
knob for the intertrial task. The mechanism 
which raised and lowered the shutter was con- 
trolled by an automatic timer, which also rang a 
bell 5 sec. before the shutter closed. The bell 
served as a signal for S to respond by adjusting 
the comparison stimulus. This signal coincided 
with the opening of the shutter for those groups 
which did not have a preadjustment exposure 
time. 

Subjects —Data were obtained from a total of 
234 volunteers of both sexes from the introduc- 


1A (ITL 55sec) 
2A (Tl 25 sec) 
3 (ITl 5 sec) 








27 
DAY- 2 


27 81S 19 20-25263 | 
TRIALS pay-1 


Fic. 1. Millimeters of illusion as a function of 
trials, days, and intertrial interval. 
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tory psychology lecture sections at Indiana 
University. None of these volunteers wore 
glasses for any visual task except reading. An 
additional 42 Ss were run but were discarded 
because of violations of experimental conditions. 

Procedure: Day 1.—During the reading of the 
instructions a measure of initial magnitude of 
illusion was obtained under identical conditions 
of a 5-sec. adjustment period for all groups in the 
guise of a practical trial. The S was instructed 
(with the aid of a line drawing) to set the point 
of the comparison arrowhead so that the distance 
between it and the point of the center arrowhead 
was equal to the distance between the points of 
the standard arrowheads. With the exception 
of those in Group CIA (for whom the key was 
covered) all Ss were instructed to tap the tele- 
graph key once each second when the shutter was 
closed. All A-condition Ss received an addi- 
tional 30 trials and all B-condition Ss received an 
additional 12 trials. 

Procedure: Day 2.—The magnitude of illusion 
was obtained under identical conditions for all 
groups as before. An additional six trials were 
conducted under the assigned experimental con- 
ditions. The Ss were then interrogated con- 
cerning the illusion figure by means of a standard 
set of questions. 


RESULTS AND Discussion 


Intertrial-interval effects —The hy- 
pothesis that decrement of the illusion 
is greatest under massed trials and 
least under spaced trials was evalu- 
ated by comparison of Groups 1A, 
2A, and 3A. Inspection of Fig. 1 
indicated that massed trials produced 


——. \A(ITL TASK) 
-—- CIA(NO [TL TASK) 
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Millimeters of illusion as a function of 
trials, days, and intertrial task. 


TABLE 2 


Tests ror Errects or InTertriat 
InrervaL, InTeRTRIAL Task, AND 
Exposure Time 


TREND 


Variable 


Source | df | MS F 


1395.76) 1.64 


19.26** 


| Groups| 2 
Blocks 6 
G XB} 12 


Intertrial 
interval 
(Groups 1A, 
2A, and 3A) 


Intertrial task 
(Groups 1A 
and CIA) 


Groups| 1 
Blocks | 


4403.93 
664.64 
113.12 


Exposure time 
(Groups 3A, 
4A, and 5A) 


Groups} 2 
Blocks | 6 
GX B) 12 


*P = 0S. 
“=P = O01. 


more decrement during the last half 
of Day 1, and this relationship was 
maintained during Day 2. The pres- 
ence of the obtained difference on 
Trial 1 of Day 2 indicated that the 
differential effects of Day 1 persisted 
over a 24-hr. period because this trial 
was administered to all groups under 
identical conditions. The obtained 
difference, while not statistically sig- 
nificant (Table 2), indicated the de- 
sirability of further research because 
Kohler and Fishback (7, 8) concluded 
that spacing of trials produced greater 
decrement. 

The hypothesis that more decre- 
ment of the illusion occurs without an 
intertrial task was evaluated by com- 
parison of Groups 1A and CIA. 
While the F value between groups did 
not attain significance (Table 2), the 
two groups were separated in the pre- 
dicted order (Fig. 2). The presence 
of the obtained difference on Trial 1 
of Day 2 indicated that the differen- 
tial effects of Day 1 persisted over a 
24-hr. period. Partial support of 
these two hypotheses indicated the 
desirability of further research upon 
the variables of intertrial interval and 
intertrial tasks. 
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Exposure-time effects—The hypo- 
thesis that decrement is greater with 
increasing periods of exposure to the 
figure was evaluated by comparison 
of Groups 3A, 4A, and 5A (Fig. 3). 
The trend test (Table 2) indicated 
that the null hypothesis could be re- 
jected. The presence of the obtained 
difference on Trial 1 of Day 2 indi- 
cated that the exposure-time variable 
produced an effect which persisted 
over a 24-hr. period. Since increased 
exposure of the illusion figure pro- 
duced more rapid decrement,” the 
hypothesis was supported. 
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Fic. 4. Millimeters of illusion as a function 
of the Miller-Lyer figure and a control figure. 
Groups 1A and SA set the illusion figure on Day 
1 while Groups 1C and 5C set the control 
figure on Day 1. All groups set the illusion 
figure on Day 2. 
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Control-figure effects—The proce- 
dures of Groups 1A and 5A were 
replicated in Groups 1C and 5C with 
the control figure on Day 1 and the 
illusion figure on Day 2 (Fig. 4). 
The different visual conditions had no 
effect on settings of the control figure. 
Although there was no decrement to 
the control figure on Day 1, signifi- 
cant decrement did occur to the 
Miiller-Lyer figure on Day 2. The 
magnitude of the illusion for the con- 
trol groups fell between the two ex- 
perimental groups on Day 2. This 
indicated that part (but, not all) of 
the decrement in the experimental 
groups was due to learning not di- 
rectly associated with the illusion 
figure. 

24-hr.-interval effects—The hypo- 
thesis that spontaneous recovery of 
the illusion occurs during a 24-hr. 
lapse of experimentation was evalu- 
ated by comparison of the last block 
of trials of Day 1 and Trial 1 of Day 2 
(Table 3). Since inspection (Fig. 1, 
2, 3, 4, and 5) indicated that spon- 
taneous recovery occurred for all 
groups, this hypothesis was supported. 
This finding was contradictory to 
Kohler and Fishback’s conclusion that 
further decrement occurred during a 
24-hr. suspension of experimentation. 

The hypothesis that spontaneous 
recovery is a function of number of 
habituation trials was evaluated by 
comparison of magnitude of illusion 
in combined A and combined B groups 
on Day 2. Since the A and B groups 


TABLE 3 


Spontaneous Recovery t VALUES 





Last Block, Day 1 





Comparison vs. Trial 1, Day 2 
Pooled A and B Groups 5.938** 
Combined A Groups 5.191** 
Combined B Groups 3.079** 





=P = O01. 
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were essentially identical before dif- 
ferential treatments began, and the B 
groups were (as predicted) statisti- 
cally higher on Day 2 (Table 4), this 
hypothesis was supported. 

The hypothesis that a larger num- 
ber of trials results in greater decre- 
ment of the illusion has already been 
partially supported by significant F 
values for blocks of trials (Table 2). 
An additional test compared Block 2 
and Block 5 of Day 1 for the com- 
bined A groups (Fig. 5). The ¢ was 
significant far beyond the .01 level. 
This result was contradictory to 
Kohler and Fishback’s conclusion 
that a large number of trials on a 
single day interfered with the occur- 
rence of decrement. 

Relationships between naiveté and 
decrement.—Kohler and Fishback re- 
ported that all their Ss were naive, 
whereas, both naive and sophisticated 
Ss were used in the present study. 
Any S who demonstrated appreciation 
of the illusory nature of the figure was 
classified as sophisticated. The oc- 
currence or nonoccurrence of decre- 
ment for each S was determined for 
Day 1, Day 2, and the period between 
the two sessions. Since none of the 
three chi-square contingency tests 


TABLE 4 


Covariance ANALYsIs oF SPONTANEOUS 
Recovery or Comspinep A AnD 
Comsinep B Groups 



































Variable Source | af | Reduced) 
Block 2, Day 1| Methods| 1] 576.93 | 3.48 
Within |177| 165.57 
Groups 
Trial 1, Day 2 | Methods 1 | 1745.65 | 8.25** 
Within |177| 211.48 
Groups 
Block 2, Day 2| Methods | 1 | 1097.17 | 5.44* 
Within | 177} 201.70 
| Groups 
*P = OS 
=P = O01 
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combined B groups. N = 90 for each curve. 


were significant, these two variables 
were independent. This finding was 
in agreement with previous research 
(12) and indicated that discrepancies 
in the results of this study and that of 
Kohler and Fishback could not be 
attributed to sophistication of Ss. 

The contingency test between the 
two sessions threw further doubt on 
Kohler and Fishback’s conclusion that 
additional decrement occurred in 
naive Ss as a result of a 24-hr. sus- 
pension of experimentation. 


The six hypotheses tested in this study 
were supported by the direction of ob- 
tained differences, and in four cases the 
differences were statistically significant. 
Because three hypotheses were contra- 
dictory to the conclusions of Kohler and 
Fishback, points of agreement must be 
summarized. (a) Statistically  signifi- 
cant decrement did occur in naive Ss even 
when no information was given concern- 
ing accuracy of response. This finding 
supported Kohler and Fishback’s (7) 
criticism of the earlier interpretation 
that Ss gradually learn to make their 
subjective judgments coincide with the 
objective world (17). (4) Negative set- 
tings of the illusion figure were confirmed 
in some Ss. (c) Marked individual dif- 
ferences between Ss were observed, and 
in part may account for discrepancies in 
results. Performances due to the idio- 
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syncrasies of individual Ss may have 
been mistakenly attributed to experi- 
mental variables by Kohler and Fish- 
back because of the lack of necessary 
experimental and statistical controls. 

The hypotheses tested in this study 
resulted from viewing decrement to the 
Miiller-Lyer figure as habituatory decre- 
ment. Since all were at least partially 
supported, the fruitfulness of this inter- 
pretation has been demonstrated. Addi- 
tional evidence that decrements in the 
illusion are habituatory decrements was 
found in the form of the curves. Ex- 
amination of Fig. 1, 2, 3, 4, and especi- 
ally 5 revealed that the decrements were 
of essentially the same form as habitu- 
ation curves (1, 2, 10, 13, 16). These 
curves resembled learning and extinction 
curves in that the greatest changes oc- 
curred during the first few trials with the 
curves then becoming asymptotic. Con- 
tinued research may disclose further 
similarities between decrements to the 
Miiller-Lyer figure and other habituatory 
decrements. 


SUMMARY 


A total of 234 undergraduate students was 
exposed to the Miiller-Lyer illusion figure to 
determine the roles of experimental variables in 
the response decrements which occur during re- 
peated trials. The principal findings were as 
follows : 


1. Decrement in illusion magnitude occurred 
as a function of trials. 

2. Decrement in illusion magnitude occurred 
more rapidly as exposure time to the figure 
increased. 

3. Spontaneous recovery of the illusion oc- 
curred during the 24-hr. interval between experi- 
mental sessions. 

4. There was an inverse relation between the 
number of trials on the first day and the magni- 
tude of the recovered illusion at the beginning 
of the second day. 


The results were interpreted as indicating that 
decrements to the Miiller-Lyer illusion may be 
considered as a special case of the habituation 
paradigm. 
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HUMAN TRIAL-AND-ERROR LEARNING UNDER JOINT 
VARIATION OF LOCUS OF REWARD AND 
TYPE OF PACING! 
CLYDE E. NOBLE anp JANET L. NOBLE 


Montana State University 


Previous experiments in this series 
on human trial-and-error learning 
have employed a nonverbal serial 
multiple-choice task called the Se- 
lective Mathometer (6,9). Among 
the independent variables thus far in- 
vestigated are the number of available 
responses (5,8) and the number of 
choice points (7). As expected, diffi- 
culty is a positive function of both. 
All studies reported to date (6) have 
utilized a serial reinforcement proce- 
dure and an automatic E-paced rate 
of presentation. Since the apparatus 
was designed to permit the introduc- 
tion of terminal reinforcem~nt and an 
S-paced presentation rate as well, it is 
important to observe the effects of 
these altered conditions upon per- 
formance. The former will be re- 
ferred to as the factor of locus of re- 
ward, the latter as the factor of type of 
pacing. 


Aside from methodological considera- 
tions, an interesting theoretical issue is 


1 This report is based on work done under 
ARDC Project No. 7707, Task No. 77133, in 
support of the research and development pro- 
gram of the Air Force Personnel and Training 
Research Center, Lackland Air Force Base, 
Texas. Permission is granted for reproduction, 
translation, publication, use, and disposal in 
whole and in part by or for the United States 
Government. 

D. E. Niemoeller collected the data in 1953, 
and analyses were completed under a grant from 
the Louisiana State University Council on Re- 
search. This phase was assisted by W. T. Al- 
cock, V. J. Cieutat, F. J. Farese, R. L. Frye, Jr., 
D. A. McNeely, P. A. Ray, J. L. Regan, and 
R. E. Schluter. A portion of the paper was read 
before the Southern Society for Philosophy and 
Psychology, April, 1955. 





involved; i.e., the influence which the 
locus of reward has upon (a) rate of learn- 
ing and (4) the shape of the serial position 
curve. According to Hull (1, 2), feeding 
a hungry animal at the conclusion of a 
series of acts sets up a gradient of gen- 
eralized habit strength whose maximum 
occurs at the last choice point. On the 
other hand, if each of the acts is individu- 
ally rewarded, separate gradients are 
generated. Assuming that these pri- 
mrary reinforcement gradients overlap 
and that some type of habit summation 
takes place: (a) Serial reinforcement 
ought to produce faster acquisition on 
the average than Terminal reinforce- 
ment, but (4) the serial error function in 
the latter case should rotate clockwise 
toward the posterior end of the chain. 

This expectation is also consistent with 
a prediction from Hull’s (3) delay-of- 
reinforcement postulate, the argument 
being that Terminal reward involves de- 
layed reinforcement as compared with 
Serial reward, hence greater difficulty 
for all but the final act of the series. 
Spence (10) has recently suggested two 
alternative hypotheses whereby such 
differential performance may be ex- 
plained. One involves a_partial-rein- 
forcement incentive-motivational inter- 
pretation of the classically conditioned 
r,-Sg (“expectancy”) mechanism. The 
other simply regards delayed-reward 
learning as analogous to experimental ex- 
tinction, the latter constituting the limit- 
ing case of infinite delay in instrumental 
conditioning. To determine whether 
these formulations are applicable to hu- 
man Ss in secondary reinforcement situ- 
ations, experimental manipulation of 
locus of reward is indicated. 

The pacing factor is of interest because 
human Ss are usually required to respond 
at a rate fixed by E or by apparatus, 
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whereas animal Ss are nearly always self- 
paced (e.g., 1,2). Although there is 
little reason to expect a difference be- 
tween normal E-pacing rates and S-pac- 
ing, this must be confirmed before inter- 
species comparisons are possible. Pacing 
variations on the Mathometer do not 
change the basic task, but this would not 
necessarily be true of animal maze learn- 
ing. Joint variation of type of pacing 
and locus of reward is necessary to dis- 
cover whether these two factors interact. 


The present experiment will in- 
vestigate four-link noncorrection serial 
trial-and-error learning by massed 
practice under immediate Serial vs. 
Terminal reinforcement and under 
E-pacing vs. S-pacing. Of major 
interest will be (a) the locus of reward 
factor, (b) the pacing factor, (c) their 
possible interaction, (d) probability 
acquisition curves, (¢) the Practice- 
by-Reward interaction, (f) latency 
data, and (g) serial position effects. 


MeETHOD 


Apparatus—The Selective Mathometer, 
which has been described in detail elsewhere (6, 
9), is a semi-automatic 19-key push-button ap- 
paratus. Problem stimuli are presented by 
electronically controlled slide projection, to 
which S$ responds by selecting keys in various 
arrangements on a semicircular panel. Second- 
ary reinforcement (G) is provided by a green 
lamp centrally mounted below the projection 
screen, and both counter and polygraph records 
are taken of all stimulus and response events. 
In order to facilitate the measuring of latencies 
(R,), the chart speed of the graphic recorder 
moved at 12 in. per min. for the two S-paced 
conditions. The E-paced conditions, as in all 
prior research, employed a rate of 6 in. per min., 
which is optimal for scoring responses (R) as 
initial corrects (IR+), corrects (R+), or incor- 
rects (R—). In the present study IR+ = R+, 
so response probability R, = 2R+/ZR. 

Procedure-—A 2 X 2 factorial design (4) was 
used together with the four-choice task described 
earlier (5,7). The factor of locus of reward 
compared the effects of (Serial) reinforcement 
following each correct choice with (Terminal) 
reinforcement following only the last of four cor- 
rect choices of a trial. In either case, the delay 
and duration of reward were .00 and .75 sec., 
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respectively. The factor of type of pacing 
compared the effects of stimuli presented regu- 
larly at a 3.44-sec. rate for a 2-sec. duration 
(E-pacing) with stimuli presented as rapidly as 
S responded (S-pacing). In either case, unlike 
earlier studies which employed the modified- 
correction procedure, S was permitted to press 
only one key at each choice point (noncorrection 
procedure). This was necessary for the two 
reward conditions to be comparable. 

Another change involved the use of massed 
rather than distributed practice in order to maxi- 
mize the similarity between the two pacing con- 
ditions. There was no intertrial interval beyond 
the usual 1.44-sec. interstimulus period, and the 
four stimuli followed each other in an invariant 
sequence. The slides contained verbal paralogs 
and the exposed keys were Nos. 4, 8, 12, and 16, 
as in corresponding conditions of the experiments 
on response availability (5) and task length (7). 

The Ss consisted of 96 basic airmen at 
Lackland Air Force Base, 24 of whom were as- 
signed randomly to each of the four treatment 
combinations. The correct reaction sequence 
appeared in 12 different permutations for all 
groups, with two Ss having a given permutation. 
Each S’s problem was to learn a sequence of four 
push-button responses to a criterion of five per- 
fect trials. Following previous studies, S was 
instructed to use the forefinger of his preferred 
hand, to respond as quickly as possible at each 
choice point, to return to the fixation plate after 
each choice,? and to refrain from responding when 
the screen was dark. After the experiment, each 
S was isolated from the remaining pool of Ss in 
order to prevent collusion. 

Two points are worthy of emphasis. First, 
the reinforcing event (G) for the two S-paced 
groups was independent of stimulus offset; i.e., 
this was a case of self-pacing on any R, not nec- 
essarily R+. By contrast, Hull’s experiments 
with rats (1,2) employed the usual S-paced 
correction procedure which amounts to self- 
pacing on R+. Second, the reinforcer for the 
two Terminal groups was delivered on an all-or- 
none basis; e.g., if S failed to receive a green light 
following a given trial, he might have made one, 
two, or three R—’s. In other words, Terminal 
reward was delivered only on perfect trials. 


RESULTS 


Trials to mastery.—The general re- 
sults of the experiment are shown in 


? This feature, corresponding to the centering 
partition in Hull’s four-choice-four-link animal 
maze (3, p. 172), required S to initiate each act 
in the series from a comparable point in space. 
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TABLE 1 


Mean Numper or Triats to Mastery For 
SeriaL vs. Terminat Rewarp Unper 
E-Pactnc anno S-Pacinc 








Type of Pacing 





E-Paced 


18.50 
45.04 


31.77 


S-Paced 


19.25 
43.42 


31.33 





Terminal 





Serial | 
| 
j 
Means | 











Table 1, calculated as the mean num- 
ber of trials required by each group 
to reach the criterion of five successive 
error-free sequences. Examination of 
the cell means indicates that Terminal 
reward results in much slower acquisi- 
tion than Serial reward under both 
types of pacing, but that E-pacing is 
no different from S-pacing. 

These conclusions are confirmed by 
the 2 X 2 factorial analysis of variance 
(4) summarized in Table 2. The 
main effect of locus of Reward (G) is 
very significant, but neither the Pac- 
ing (P) effect nor the Reward X Pacing 
interaction is significant. It is no- 
table that giving reward terminally 
raised the trial means by a factor of 2.3 
and the variances by a factor of 6.7. 
This evidence of heterogeneous vari- 
ance was confirmed by Bartlett’s test, 
which resulted in a ,* of 36.36 (P < 
001). Manipulating the locus of 
reward in human learning apparently 
has as powerful an influence on re- 
sponse variability as upon average 
proficiency. 

Acquisition curves—In view of the 
absence of a difference between E-pac- 
ing and S-pacing, the data for the 
pacing factor were pooled giving 48 
Ss each in the Serial and Terminal 
groups. Figure | presents the acqui- 


3 Repeating the foregoing analyses nonpara- 
metrically with the Mann-Whitney test gave 
similar results. 


TABLE 2 


ANALYSIS OF VARIANCE OF 
Triats To Mastery 











Locus of reward 
(G) 15,428.01 


Type of pacing 
(P) 4.59 
xP 


34.22 
Error (w) 696.03 


af MS F 
| 


22.17° 


<1.00 
<1.00 


Total 











*P < 001. 


sition curves under the two locus-of- 
reward conditions (G), plotted as the 
empirical probability (relative fre- 
quency) of a correct response (R,) 
during successive five-trial blocks (N). 
In order to study the full range of ac- 
quisition, the curves have been ex- 
tended to the point of mastery re- 
quired by the slowest S (5, p. 95). 
Consistent with previous work on re- 
sponse availability (5, 8) and task 
length (7), both curves are asym- 
metrical and sigmoidal, conforming to 
the rational function 


R, = a(i)” (1) 


where a = asymptote of R, (unity), 
i = initial probability (}), r = rate 
parameter depending on locus of rein- 
forcement, and N = number of trials 
by the noncorrection procedure. 

The best-fitting equations, obtained 
by minimizing the sums of squares of 
the residuals to determine the empiri- 
cal parameter r, are as follows: 


Serial G: 
R, = 1.00 (.250)-*7" 

Terminal G: 
R, = 1.00 (.250) #7" 


(2) 


(3] 


The percentages of variance accounted 
for are 98.8% and 99.8% for Equa- 
tions 2 and 3, and the inflection points 
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occur at 2.5 and 12.0 trials, respec- 
tively. All calculational procedures 
have been described elsewhere (7) in 
greater detail. Further evidence is 
thus provided to support the hypothe- 
sis (6, p. 392) that Equation 1 is valid 
for trial-and-error learning phenom- 
ena, and specifically that r is governed 
by reinforcement contingencies (G) 
as well as by task factors (T). 

A7 X 2 Type I analysis of variance 
(4) was performed upon the R+ 
measure during the first seven 5-trial 
blocks for the Serial and Terminal 
groups. By restricting the range of 
possible scores as discussed in an 
earlier paper (8), extreme skewness 
and heterogeneity of form and vari- 
ance were minimized. From the sum- 
mary given in Table 3, it can be seen 
that both main effects and the inter- 
action are highly significant. The 
Practice X Reward interaction, in- 
cidentally, confirms the difference in 
rate parameters and inflection points 
obtained in Fig. 1 and in Equations 
2 and 3. 


Latency data.—Due to the fact that 


5-TRIAL BLOCKS (N) 


Compound trial-and-error learning (Rp) as a function of practice (N) with locus of 
reward (G) as the parameter. 


The origin is rational. 


the E-paced conditions provided no 
differential reinforcement for very 
fast reactions, and also because Table 
2 failed to reveal any effect on R+ 
attributable to type of pacing, the 
analysis of R; scores may be limited to 
correct choices made under the two 
S-paced conditions. Inspection of 
E-paced latencies showed no practice 
effect, but the S-paced latency curves 
indicated a slight superiority for the 
Terminal group during the final (as- 
ymptotic) stages of practice. How- 
ever, the difference in mean R, scores 
during Trials 31—55 was not significant 
(t = 1.48, 46 df). The same test re- 
peated on speed scores (Ri) was also 
not significant (¢ = 1.32). 

Pooling the two reward conditions 
gave a latency curve which began at 
about 1.50 sec. during Trials 1-5, 
dropped to about 1.25 sec. in the 
second block, then oscillated around 
1.15 sec. for the remainder of the 
training period. There is, therefore, 
a systematic though not a differential 
increase in speed of reaction under the 
two S-paced reward conditions as a 

















TABLE 3 


Anatysis or VARIANCE oF Correct Responses 
(R+) ror Seriat vs. Terminat Rewarp 
Durinc Trrats 1-35 














Source | af MS FP 
Between Ss 95 
Locus of reward (G) |___1 |7735.71 | 51.18* 
Error (b) 9 | 151.15 
Within Ss | 576 | 
Practice blocks (N) | 6 |1030.39 | 76.84* 
NxXG 6 | 114.08 | 8.51* 
Error (w) 564) 13.41 
Total | 671 | 
© P <.00. Sesh oa 


function of amount of practice, the 
change becoming stabilized after 
about 30 trials. 

Serial-position effects ——Unlike the 
foregoing analyses of R, data by trials, 
the serial-position latency curve for 
the S-paced Terminal group during 
Trials 1-10 differs markedly from that 
of the S-paced Serial group. As 
shown in the upper half of Table 4, 
there is a regular decrease in the la- 
tency of correct choices from the first 
to the fourth choice point for the 
Terminal group. (The n’s are re- 
duced due to three Ss who consistently 
erred at certain choice points.) A 
simple test of the observed trend is 
provided by computing a ¢ ratio be- 
tween the first and last serial posi- 
tions. The ratio is very significant 
(t = 4.88, 21 df, P < .001). Thecor- 
responding test of the initial and final 
points for the Serial group is not sig- 
nificant (¢ = 1.61, 22 df, P > .10). 
The two groups have about the same 
average latency, but their trends ap- 
pear to cross. 

Similar analyses were performed on 
serial-position effects measured by 
R+ scores. In this case, presented 
in the lower half of Table 4, there was 
no crossing nor were the trends sig- 
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TABLE 4 


Seriat-Position Errects 1x Terms or MEAN 
LATENCIES tn Seconps (R,) anD Mean Tota 


Corrects (R+) ror Seriat vs. TERMINAL 
Rewarp Unper tue S-Pacep Conp!TIon 
Durinec Triats 1-10 








Choice Point 























seoe| = | cent | — 

I II Ill IV 

at wer ee RE ee 

R, | 23] Serial 146 1.35 | 1.41} 1.29 
| 22. | Terminal | 1.75 | 1.36| 1.25 | 1.13 

R+| 241] Serial 


| 5.46 | 5.63 | 6.00 | 5.27 
24 | Terminal | 3.04 | 2.75 | 2.58 | 2.63 


nificant. This result is consistent 
with earlier observations (5, 7, 8) that 
frequency measures rarely show serial- 
position effects in human trial-and- 
error learning under these conditions. 
Why the latency measure is sensitive 
to the locus-of-reward factor with 
respect to intraserial phenomena but 
not to extended practice effects is not 
known. The R, data are reminiscent 
of Hull’s animal error curves (2, p. 19) 
in that Terminal reinforcement ap- 
pears to shift difficulty from the 
posterior to the anterior portion of 
the chain. Apart from this resem- 
blance, however, the quantitative as- 
pects of the two sets of results are 
quite different. The classical bowed 
form fails to appear either in the R+ 
or in the R, scores. 


Discussion 


In the 1940’s, Hull (1,2) carried out 
two experiments on heterogeneous com- 
pound trial-and-error learning in rats 
using a quadruple-choice linear maze. 
He found that the first choice point was 
easiest under Serial reward but that the 
fourth choice point was easiest under 
Terminal reward; this observation agreed 
with his theoretical derivation from rein- 
forcement and generalization principles. 
Hull apparently did not notice, however, 
that both yr91>5 > 21 mist: quired th 
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maze habit at about the same rate. Us- 
ing his published data (1, 2) to calculate 
the mean percentage of initial-choice 
correct responses (1R+) cumulated dur- 
ing 50 distributed trials, one secures a 
value of 49.43% (e7s = 52%) for the 
Serial condition (m = 48) and 53.74% 
(o*¢ = 35%) for the Terminal condition 
(m = 72). Assuming a zero correlation 
the standard error of the difference is 
9.3%; hence, the resulting critical ratio 
of .46 is not significant. Lacking any 
evidence of compensating differences in 
Hull’s Ss, apparatus, or procedure, this 
paradoxical result suggests that some 
kind of Serial reward must have occurred 
in the Terminal reward condition which 
equalized the two groups’ proficiency. 

One possibility is that by locking all 
but the correct door at a given choice 
point, Hull may have introduced second- 
ary reinforcement by permitting locomo- 
tion in a goalward direction. Indeed, 
such a contingency is a necessary con- 
sequence of using the correction proce- 
dure in that maze (3, p. 192). With the 
Mathometer, however, this problem does 
not arise because correct and erroneous 
keys operate in exactly the same manner. 
Thus, in the present experiment the rein- 
forcing event is not confounded with the 
aftereffects of responding. 

There are three possible explanations 
for the effects of locus of reward: (a) 
Hull’s habit-differential theory, (4) the 
Hull-Spence incentive-motivation the- 
ory, and (c) Spence’s extinction theory. 
The first explanation (1,2) appears un- 
likely because of the absence of serial- 
position phenomena which presumably 
are necessary concomitants of the facili- 
tation resulting from Serial reward. 
Evidence for the second explanation (3, 
10) is ambiguous; although Practice and 
Reward combine in a _ multiplicative 
fashion like habit strength and incentive 
motivation, it is uncertain whether hu- 
man expectancy reactions in mathome- 
try function like animals’ fractional con- 
summatory acts. The third explanation 
(10) seems to agree with the data and to 
be parsimonious as well. According to 
this counterconditioning view, Terminal 
reward leads to a greater probability of 
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competing reactions occurring during a 
given trial than does the Serial reward 
condition. As in delayed-reward learn- 
ing, uncontrolled activities fill the inter- 
val, thus interfering with the learning of 
the appropriate response sequence. The 
probability acquisition curves in Fig. 1 
and the analysis of variance in Table 3 
show that locus of reward affects merely 
the rate of acquisition, leaving both origin 
and asymptote unchanged. In terms of 
Equation 1, r varies with the reinforce- 
ment contingencies when a and i are held 
constant by the nature of the task. 


SUMMARY 


This experiment was concerned with non- 
correction serial trial-and-error learning com- 
paring the effects of Serial reinforcement with 
Terminal reinforcement, and of standard E-pac- 
ing with S-pacing. Ninety-six human Ss, 
divided into four groups, learned a sequence of 
four push-button responses to a criterion of five 
perfect trials. 

Terminal reward required a significantly 
greater number of trials to reach mastery, but 
there was no difference due to type of pacing and 
no interaction. Response probability acquisi- 
tion curves (R,) were about 99% in agreement 
with the rational equation R, = a(i)"”, where 
a = asymptotic probability, i = initial prob- 
ability, 7 = rate parameter governed by reward 
contingencies, and N = number of trials. 
There was a significant interaction between 
practice and reward factors, but both origin 
(i = .25) and final leyel (a = 1.00) were inde- 
pendent of locus of reward. 

Although reaction latency decreased with 
training, there was no over-all difference due to 
locus of reward or type of pacing. As to serial- 
position phenomena, the only effect was a de- 
crease in latency with proximity to Terminal 
reward, Serial reward producing no difference. 
Serial-position frequency scores were unaffected 
by locus of reward. 
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CONDITIONING AND HYPNOSIS ! 


J. P. DAS 
Institute of Psychiatry (Maudsley Hospital), University of London 


Many investigators have suggested 
that hypnosis can be explained, at 
least partially, by a conditioned re- 
sponse mechanism (8, 10, 13, 16, 18). 
They believe, essentially, that hyp- 
nosis is a form of conditioning. How- 
ever, none of them have demonstrated 
a positive relationship between hyp- 
nosis and conditioning. A study by 
Corn-Becker, Welch, and Fisichelli 
(1) comes nearest to an experimental 
support of the above belief. But it 
can only be inferred from their study 
that “abstract conditioning,” as found 
by them, is an analogue of the hyp- 
notic situation. It still remains to be 
shown, as Pattie (12) remarks, that 
Ss who acquire “abstract condition- 
ing’ are those more susceptible to 
hypnosis. 

The present study is an attempt to 
discover the kind of relationship, if 
any, between conditioning and hyp- 
nosis. 


METHOD 


Measuring hypnosis—Hypnosis was meas- 
ured by a 7-point scale having an item reliability 
of .85 (obtained by using Kuder-Richardson 
Formula 20). A brief induction procedure of 
15 min. duration was employed. It was suitable 
to induce a light to medium depth of hypnosis. 
Five hypnotic suggestions and two post-hypnotic 
suggestions were then given to test the depth of 
hypnosis attained by S. The seven suggestions 
were the usual ones used in testing hypnotic 
depth (7). An S’s score was based on the num- 
ber of suggestions he could not reject. But the 
final assignment of a hypnotic score also con- 
sidered the answers of S to an oral questionnaire 
given after hypnosis. The oral questionnaire 
included questions such as “Did you feel relaxed ? 


1 This paper is based on portions of a Ph.D. 
dissertation (2). The author is indebted to 
H. J. Eysenck and W. D. Furneaux for their 
help and guidance, and to A. R. Jensen for his 
critical reading of the manuscript. 


Heavy? Sleepy? How did you feel when you 
were suggested that... ?” 

The induction procedure, described at length 
by Das (2), was monotonous, consisting largely 
of the repetition of such words as “relax,” 
“heavy,” “drowsy,” and “sleepy.” The pro- 
cedure was the same for all Ss. 

Measuring conditioning.—Eyelid conditioning 
was employed as a measure of conditioning. 
The apparatus and conditioning variables have 
been described by Franks (4, 5,6). Briefly, the 
UCS was a puff of air with a range of pressure 
between 60 and 65 mm. of mercury delivered to 
the right eye of S from a distance of approxi- 
mately 2 cm. and was of 500 msec. duration. 
The UCS was preceded by the CS, a pure tone 
of 1110 cycles, 65 db above the auditory thresh- 
old of S, lasting for 800 msec. and preceding the 
UCS by 300 msec. Thus CS and UCS over- 
lapped for 500 msec. and terminated simultane- 
ously. Every S was given 30 reinforced trials 
interspersed with 18 nonreinforced trials (test 
trials) followed by 10 extinction trials. The 
total number of blinks during the test trials in the 
acquisition period was taken to be the score for 
acquisition and the number during the extinction 
period was regarded as the extinction score. 
The coefficient of reliability for the acquisition 
measure was .88 and for extinction .86, as esti- 
mated by an analysis-of-variance technique. An 
oral questionnaire was given to S soon after the 
conditioning experiment. The most important 
question was concerned with whether S detected 
a connection between UCS and CS, and his 
conscious reaction to the CS. 

The actual aim of the conditioning experiment 
was not disclosed to Ss who were told that it was 
a test of relaxation; all they were supposed to do 
was to sit comfortably and keep their eyes open. 
Similarly, Ss were led to believe before hypnosis 
was attempted on them that they were to take 
part in a test of relaxation. 

Subjects —The Ss were 63 male English- 
speaking students, aged from 16 to 26 yr. They 
were paid volunteers. No significant correla- 
tions were obtained between age on the one hand 
and hypnosis, acquisition, and extinction on the 
other. Similarly, intelligence as measured by 
Nufferno Accuracy Score (9) had no significant 
correlation with any of the three variables. 

Procedure.—The conditioning session followed 
the hypnotic one. At least 30 min. intervened 
between the end of the hypnotic session and the 
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beginning of the conditioning procedure. Dur- 
ing this interval Ss filled out a personality ques- 
tionnaire. é 

Hypnosis was attempted when S was com- 
fortably lying on a sofa with the room partially 
darkened. The familiar method of eye fixation 
to a small bright light held about 18 in. above 
S’s forehead was adopted. The Ss were given 
repeated suggestions to relax. Suggestions of 
feeling heavy, drowsy, and sleepy followed in 
gradual stages. After 15 min. the depth of 
hypnosis attained by S was tested by giving the 
seven specific suggestions. The Ss were awak- 
ened by counting up to 15 in a firm voice. 

The conditioning session was held in a sound- 
proofed room; S was separated from E by a 
curtain. The S sat facing into a large cardboard 
booth which restricted his vision. He could not 
see E although E could see him. 

The hypnosis session lasted for about 25 min. 
and the conditioning session for about 30 min. 


RESULTS 


Product-moment correlations were 
computed between hypnotic scores 
and the scores for acquisition and ex- 
tinction. The results are summarized 
in Table | Two sets of correlation 
coefficients are presented besides the 
one based on transformed scores 
The second set of correlations was 
obtained by excluding four cases be- 
cause of defects in their conditioning 
records. Three were rejected because 
it was gathered from their answers to 
the oral questionnaire after condition- 
ing that attitudes interfered with their 
conditioning. All the three Ss came 
to know about the real purpose of the 
test in the course of the experiment 
and reported having consciously re- 
sisted blinking in the nonreinforced 
trials. The fourth case was rejected 
because the records of his conditioned 
blinks were unusual. While in the 


records, the usual conditioned blink, 
like a spontaneous blink, is a sharp 
crest (although sometimes of a lower 
amplitude), those of the fourth S were 
very low amplitude flattened waves. 
Only once did he give the usual type of 
conditioned blink, and that during the 





TABLE 1 


Propuct-Moment Corretations Between 
Hypnosis anp Even Conpitioninc 














Hypnosisand { WN r | Zz b 

Acquisition® | 63 .387 | 409 | .0014 
Extinction® | 63 361 .378 .0034 
Acquisition | 59 | .509 | .669 |<,.0001 
Extinction | 59 AIS | 442 0005 





Acquisition> 9 i. | 531 | <.0001 


* The product-moment correlation between acquisi- 
tion and extinction is .697. 
> Based on scores transformed by log (20 — x). 


extinction trials; this perhaps was a 
spontaneous blink falling by chance 
within the duration of the CS. 

Since both the distributions of hyp- 
notic scores as well as of eyeblink ac- 
quisition scores were _ positively 
skewed, the scores were transformed 
by log (20-x), which tended to normal- 
ize the distribution, thus permitting a 
more satisfactory estimate of r. 


Discussion 


A positive and moderately high corre- 
lation was obtained between hypnosis 
and conditioning (acquisition and ex- 
tinction). This correlation may be inter- 
preted as revealing a connection between 
hypnosis and conditioning. Of course, 
only eyeblink conditioning was used in 
the present study. While it is not cer- 
tain that a general factor of condition- 
ability exists (11), there seems to be no 
reason why hypnosis should be correlated 
only with eyeblink conditioning and not 
with other forms of conditioning. 

However, it may be thought that, be- 
cause in the present study conditioning 
followed hypnosis, the former facilitated 
the latter. It cannot be discovered 
whether this was so from the design of 
the present study. Even if half of the 
Ss had been given conditioning on the 
first occasion and the other half hypnosis 
on the first occasion, still the question 
could not be answered, for both might be 
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mutually facilitating. Since to obtain 
a correlation the two tests have to be 
given to the same individuals, it appears 
that the existence of mutual facilitation 
can neither be verified nor eliminated. 
Even if the observed positive relationship 
between hypnosis and conditioning were 
partly a function of mutual facilitation, 
the most probable conclusion is that some 
essential elements underlie the two. In 
other words, facilitation works by favor- 
ably affecting the mechanisms responsi- 
ble for one through the other, so that a 
“practice effect” appears when one fol- 
lows the other. 

The other point concerns S’s attitudes 
about hypnosis and conditioning. It has 
been pointed out that attitudes interfere 
with conditioning. Human conditioning 
proceeds best when it comes close to 
being a kind of unconscious biological 
learning, as is presumably the case in the 
conditioning of lower animals (14). It 
has been seen that the rejection of the 
three cases whose conditioning was inter- 
fered with by conscious attitudes, im- 
proved the correlation between condi- 
From the answers 


tioning and hypnosis. 
to the oral questionnaire on conditioning, 
no other § appeared to have consciously 
perceived the connection between CS 


andthe UCS. [tis felt that, had Ss been 
more successfully misinformed about the 
nature of the conditioning experiment, 
still higher correlations might have been 
obtained. 

Similarly, past attitudes to hypnosis 
may affect an S’s hypnotic score (3, 15, 17). 
To the knowledge of the writer, none of 
the 63 Ss discovered that the “test of re- 
laxation” which they were told about was 
in fact, hypnosis. Thus, attitudes to 
hypnosis possibly held by the Ss were 
probably irrelevant. 

Thus, from the above considerations, 
including the fact that age and intelli- 
gence have no significant relationship 
with hypnosis and conditioning, it may 
be concluded that the correlation be- 
tween hypnosis and conditioning is not a 
result of any obvious artifact. It indi- 
cates most probably an essential simi- 
larity between the two processes, 


J. P. DAS 


SUMMARY 


This experiment investigated the relationship 
between hypnosis and conditioning. Sixty- 
three male students were subjected to a 15-min. 
procedure suitable for the induction of a light to 
medium-deep hypnosis, and were given seven 
specific suggestions to test the depth of hypnosis 
attained. Hypnosis was measured by a 7-point 
scale based on the number of suggestions S could 
reject. Later, Ss were tested for eyeblink con- 
ditioning where both acquisition and -extinction 
scores were obtained. After rejecting four Ss 
whose rscords were suspect, r between hypnosis 
and acquisition was .509 (P < .001) and r be- 
tween hypnosis and extinction .415 (P < .vO01). 
It was concluded that the correlations indicate a 
basic similarity between hypnosis and condition- 
ing. 
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STIMULUS SIMILARITY AND SEQUENCE OF STIMULUS 
PRESENTATION IN PAIRED-ASSOCIATE LEARNING '* 


ERNST Z. ROTHKOPF * 
Rensselaer Polytechnic Institute 


The sequence of presentation of 
similar stimulus terms during practice 
appears to be related to the rate at 
which a paired-associate list is learned. 
Gagne (1) found that when similar 
stimulus items were presented in im- 
mediate ordinal succession, Ss learned 
paired associates more rapidly than 
when exposed to practice sequences 
involving the maximal ordinal separa- 
tion of similar stimuli. These findings 
were based on an experimental task 
which employed nonsense figures as 
stimulus terms and nonsense syllables 
as responses. Gagne’s conclusions, 
if generally applicable, have impor- 
tant practical implications because 
they suggest that for many commonly 
trained paired-associate skills, suc- 
cessive presentation of similar stimu- 
lus material is a desirable practice 
method. The present experiment was 
intended to test the general applicabil- 
ity of these conclusions by systematic- 
ally manipulating the sequence of 
stimulus presentation in an experi- 
mental paired-associate task different 


! This study was carried out in support of 
Project 7714 of the United States Air Force Per- 
sonnel and Training Research Program. 

2 The author wishes to acknowledge the valu- 
able assistance of Marvin Zelle who prepared and 
recorded the experimental tapes with great pa- 
tience and skill; of Risden Westen who advised 
on the machine analysis of the data; and of 
Donald C. Howell who performed portions of the 
final data analysis. Special thanks is due to 
the staff of the Air Force Radio Operator School 
at Keesler Air Force Base, Mississippi, whose co- 
operation aided this study to an important de- 
gree. 

* This study was made while the author was 
on the staff of the Maintenance Laboratory, Air 
Force Personnel and Training Research Center. 


from that used by Gagne. The task 
selected for this purpose involved the 
use of aural Morse signals as stimuli 
and their written alphabetic or num- 
eric equivalents as responses. Morse 
code signals were chosen as stimulus 
terms because: (a) signals of the Inter- 
national Morse Code include groups 
of signals which are very similar to 
each other; and (b) because alphabetic 
Morse code reception training is a 
task to which the Gagne findings were 
thought to be particularly applicable 
(1, p. 71). 


EXPERIMENT I 


The purpose of the first experiment 
was to test whether Gagne’s generali- 
zation that the maximal clustering of 
similar stimuli speeds learning was 
applicable to the present paired-as- 
sociate task. 


Method 


Materials —The experimental list consisted 
of 12 paired associates. Every paired associate 
was composed of a single, aural Morse signal and 
its appropriate alphabetical or numerical equiva- 
lent. The 12 stimulus terms were composed of 
four groups, each of which consisted of three 
stimuli relatively similar to each other. These 
groups and their stimulus members, with the 
correct equivalent for each indicated in paren- 
theses, were as follows: Group a: - 


--~- (3); Group c: ---- (P),---- ( 

(L); and Group d: --- (S), ---- 

(5). Average similarity among the stimuli 
within each group was 42.5%. Average simi- 
larity among stimuli which were not in the same 
group was 16.6%. Similarity as used here is 
the proportion of the total presentations in a 
psychophysical situation in which the two con- 
cerned stimuli are judged as “same” by Morse 
code-naive Ss (see 4). This measure has been 
shown to be related to the number of substi- 
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tution errors which occur between stimuli in 
the paired-associate situation (4) and is there- 
fore related to the similarity criterion used by 
Gagne (1). 

Experimental treatments ——The experiment 
compared two treatments—one involving the 
maximal separation, the other involving the 
maximal clustering of similar stimuli in practice. 
The methods for making up practice material was 
essentially the same as that used by Gagne in 
Cond. 1 and 2 and is described in somewhat 
greater detail in his paper (1). Briefly the ex- 
perimental treatments were as follows: 

The Grouped Similar treatment, henceforth 
referred to as Grouped-S, was characterized by 
the successive or clustered presentation of simi- 
lar stimuli. The practice orders were arranged 
so that the stimuli of each of the groups listed 
above were always presented in sequence at every 
trial. For example, on the first trial the practice 
order was: F(c), P(c), L(c), R(a), W(a), G(a), 
5(d), S(d), H(d), 2(b), 3(b), 1(b). The lower- 
case letters in parentheses indicate the group to 
which each stimulus belongs. The order of 
stimuli within groups, as well as the order in 
which the four groups appeared, was varied at 
random from trial to trial. 

The Separated treatment was characterized 
by the maximal ordinal separation of the similar 
stimuli in the practice order. This was achieved 
by always interposing a stimulus from each of 
the three other subgroups between any two 
stimuli of a given subgroup. For example, the 
practice order on the first trial was: W(a), F(c), 
S(d), 3(b), G(a), P(c), H(d), 1(b), R(a), L(c), 
5(d), 2(b). Again the over-all order was ran- 
domly varied from trial to trial, but three rela- 
tively dissimilar stimuli were always interposed 
between two similar stimulus terms. 

Procedure and apparatus.—Each S received a 
total of 64 practice trials. Each trial consisted 
of a single presentation of each of the 12 paired 
associates of the list. A 12-item test run fol- 
lowed every fourth practice trial. Test runs 
consisted of a single random-order presentation 
of every one of the 12 Morse stimuli without the 
spoken equivalent. 

Practice was conducted in four blocks which 
were separated by a 10-min. rest interval. Each 
block consisted of 16 practice trials and four 
suitably spaced tests which were recorded on a 
reel of magnetic tape. Every S was exposed to 
four different reels of practice tape. The details 
of the recording procedures were identical with 
those described elsewhere (3). It is only im- 
portant to point out that each signal was sent 
fast enough (dot = .05 sec.) to make verbal 
analysis such as “that was three dots and a 
dash” unlikely. The Ss practiced by means of 
the code-voice method, a modification of paired- 
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associate procedure, which is described in detail 
elsewhere (2). The version used here consisted 
of the presentation of a signal, which was followed 
by a 3-sec. silent period during which S could 
write his response. This period was in turn fol- 
lowed by the signal’s spoken equivalent. The 
next stimulus followed 1.6 sec. later. Stimuli 
were presented every 4 sec. during tests. 

The experiment was conducted in a well- 
lighted, windowless, air-conditioned room. 
Every seat was supplied with a pair of head- 
phones which were connected by means of a. 
separate line to one of two tape recorders. In 
this manner it was possible to administer two 
experimental treatments concurrently to a group 
of Ss sitting in the same room. 

Subjects and experimental design.—All Ss were 
randomly selected from a population of students 
awaiting entrance into an Air Force school for 
jet engine mechanics. This school does not in- 
clude radio code instruction in its curriculum nor 
does it require its students to have above- 
average Radio Operator Aptitude indices. The 
Ss who stated that they had previous Morse code 
training of any kind were rejected. The experi- 
mental design involved two replications (N = 
18 and 24, respectively). In each replication 
both treatments were represented to an equal 
degree. The N for each experimental condition 
was 21. 


Results and Discussion 


The median percentage of correct 
responses per test for each experimen- 
tal condition is shown in Fig. 1. The 
median was used in order to make this 
graph comparable with the results of 
Exp. III which is reported later in 
this paper. In all but the early stages 
of practice the Separated condition 
resulted in a greater number of correct 
responses than the Grouped-S treat- 
ment. An analysis of variance was 
performed to test the difference be- 
tween the mean number of correct 
responses over all tests for the two 
experimental conditions. The result- 
ing F was 4.98 (P < 05, 1 and 40 df). 


It must be concluded that Gagne’s gen- 
eralization (1), that the clustering of 
similar stimuli in the practice order facili- 
tates learning, did not hold for the pres- 


ent experimental task. However, the 
level of learning achieved in this experi- 
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Fic. 1. Median percentage of correct re- 
sponses as a function of practice for the two 
treatments of Exp. I. The median measure is 
shown in order to make this figure comparable 
to the results of Exp. III. The mean values 
for the data shown in this figure are in essential 
agreement with the median values. 


ment was about 33% correct responses, 
while Gagne’s Ss attained about 75% 
correct responses. This limits the con- 
clusions which may be drawn from the 
present experimental results because 
there is some suggestion in Gagne’s data 
that early in learning the treatment 
which was equivalent to the Grouped-S 
condition resulted in a somewhat greater 
number of errors than the Separated 
condition. 


EXPERIMENT II 


The purpose of Exp. II was to deter- 
mine whether the superiority of the 
Separated over the Grouped-S treat- 
ment is maintained even if practice is 
carried to a more advanced degree 
than that used in Exp. I. Experi- 
ment II also included two additional 
control groups which are described 
below. 


Method 


Experimental treatments —Experiment II in- 
volved the Grouped-S and Separated treatments 
described in Exp. I and the following additional 
experimental conditions: 

A Grouped, Relatively Dissimilar treatment, 
which will be referred to as Grouped-D, differed 


from the Grouped-S condition in that the sets of 
successively presented stimuli consisted of rela- 
tively dissimilar items. This was done in order 
to determine whether any effects associated with 
the Grouped-S treatment were due to the succes- 
sive presentation of similar stimuli or resulted 
from the fact that three stimuli always appeared 
in ordinal conjunction (though not necessarily 
in the same order) from trial to trial. For this 
purpose the 12 stimuli were divided into four 
groups of three relatively dissimilar stimuli each 
(average within-group similarity: 16.2%). The 
members of each of these groups appeared con- 
secutively at each trial. These stimulus groups 
were: W(a), 3(b), F(c); Lic), S(d), 1(b); P(c), 
G(a), H(d); and 2(b), 5(d), R(a). The fore- 
going was also the practice order used on the first 
trial. On subsequent trials W, 3, F, as well as 
each of the other groups were still together, but 
the within-group order and the order in which 
the groups appeared were changed. For ex- 
ample, the second trial order was: S(d), L(c), 
1(b); 3(b), F(c), W(a); P(c), H(d), G(a); 2(b), 
R(a), 5(d). 

In another condition, the Random treatment, 
the stimuli were presented in random order with 
the restriction that each stimulus appeared only 
once on each practice trial. 

The two experimental treatments described 
above were respectively equivalent to Cond. 3 
and 4 of the Gagne study. 

Procedures and experimental design.—General 
procedures, apparatus, methods for recording 
practice and test materials, as well as the type 
of S used were the same as those in Exp. I. 

Each S was exposed to a total of 10 blocks of 
practice, consisting of tapes appropriate to the 
experimental condition to which he was assigned 
for a total of 160 practice trials. A 20-hr. rest 
interval was interposed between Blocks 5 and 6. 
As in Exp. I, the rest interval between the other 
blocks was 10 min. 

The experimental design involved eight 
groups of 10 Ss each. Two such groups were 
assigned at random to each of the four experi- 
mental conditions. This design was balanced 
for time of day in that one group under each ex- 
perimental condition was trained in the morning 
of two successive days while the other group was 
in training on two successive afternoons. Nine 
Ss failed to return on the second day. These 
Ss were not included in the analysis of data. 
The final Ns for the four experimental treatments 
were as follows : Grouped-S—19; Separated—17, 
Grouped-D—18, Random—17. 


Results and Discussion 


In order to simplify graphical pres- 
entation, the scores for each S on the 
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four tests of any practice block have 
been combined. The median percent- 
tage of correct responses on the com- 
bined tests for each experimental con- 
dition is shown in Fig. 2. Again the 
median was used in order to make the 
data shown in this figure comparable 
to the data obtained from Exp. III. 
As may be seen in Fig. 2, the Sepa- 
rated treatment resulted in a greater 
number of correct responses than any 
of the other conditions. An analysis 
of variance which was performed on 
mean number of correct responses 
throughout the experiment under 
each treatment, resulted in an F of 
2.79 (P < .05, 3 and 67 df). Attest 
between the Separated and the 
Grouped-S means was significant at 
the .01 level. Differences between 
the Separated and the Grouped-D, 
and between the Separated and the 
Random conditions, when evaluated 
by ¢ tests, were significant at the .02 
level. 

Although there is some tendency 
for the acquisition curves of all four 
experimental conditions to diverge 
during the latter portions of Day 1 
practice, none of the t comparisons 
among the Grouped-S, Grouped-D, 
and Random treatments were statis- 
tically significant. 


The results of Exp. II confirm the 
findings of the first experiment that 
ordinal separation of similar signals in the 
practice order is a more effective training 
condition than ordinal clustering of simi- 
lar signals. Experiment II also indicates 
that the Separated treatment is more 
conducive to learning of the present 
paired-associate task than either the 
Grouped-D or Random treatment. 

It is also clear from both experiments 
that learning the 12 Morse code paired 
associates is a very difficult task. After 
160 practice trials, the median percentage 
of correct responses for the most effective 
treatment of Exp. II is only just short 














PRACTICE GLOKS 


Fic. 2. Median percentage of correct re- 
sponses as a function of practice in Exp. II. 
The median was used to make this graph com- 
parable to Fig. 3. Each practice block is the 
equivalent of 16 practice trials. Data shown 
for each practice block is derived from four tests, 
one of which was administered after every 
fourth practice trial of the block. 


of 50%. This may have been due in part 
to the relatively low aptitude of the 
present § population for learning Morse 
code and also to relatively massed condi- 
tions of practice.* 


EXPERIMENT III 


The purpose of Exp. III was to 
replicate the conditions of Exp. II 
but to bring Ss to a greater degree of 
proficiency than had been possible in 
the previous two studies. This was 
done to determine whether the relative 
effectiveness of the four experimental 
treatments would be maintained for 
an appreciable portion of the training 
required for mastery. In order to 
accomplish this, Ss were selected from 
a population with relatively high 
general aptitude for Morse code train- 
ing and more distributed conditions 
of practice were used. 


* Examination of Fig. 1 and 2 suggests that 
progress in learning seems to be masked by the 
effects of massed practice. The acquisition data 
shown in these figures is characterized by little 
or no systematic progress during practice blocks. 
Marked improvement in performance, however, 
may be observed following rest intervals. 
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Method 


Procedures, subjects, and design.—General pro- 
cedures were the same as those used in Exp. I 
and II, and the same four experimental treat- 
ments were employed. 

Each S was exposed to a total of 9 blocks of 
practice, using stimulus sequences appropriate to 
the experimental condition to which he was as- 
signed, for a total of 144 trials. A 20-hr. rest 
interval was interposed between Blocks 3 and 4, 
and also between Blocks 6 and 7. The interval 
between all other blocks was 15 min. 

Immediately after the last practice trial of 
each day, and also before the first trial of Day 2 
and Day 3 of practice, a 48-item test was admin- 
istered toall Ss. ‘This test consisted of four pres- 
entations of each of the 12 stimuli in random 
order. All test runs—those composed of 12 as 
well as those composed of 48 items—were 
identical for the four experimental treatments. 

Apparatus arrangements similar to those in 
Exp. I were used. Every seat in the experimen- 
tal chamber was supplied with a pair of head- 
phones which were connected by a separate line 
to a switching console. The switching console 
permitted the selection of the output of one of 
four tape recorders for each pair of earphones. 
In this manner it was possible to administer four 
experimental treatments concurrently to a group 
of Ss sitting in the same room. The switching 
console also permitted further amplification of 
the tape recorder outputs. 

All Ss were airmen awaiting entrance to an 
Air Force Radio Operator schoo! who stated that 
they had no previous Morse code experience. 
All Ss had a Radio Operator's Stanine of 6 or 
higher. It was planned to use four replications 
of 32 Ss each. For administrative reasons as 
well as one case of equipment failure this plan 
could not be perfectly implemented. The Ns for 
the four replications were, respectively, 30, 27, 
29, and 21, for a total N of 107. Replication 
No. 4 did not include the Grouped-D treatment. 
In all other replications, all four experimental 
treatments were represented to an approx- 
imately equal degree. The Ns for experimental 
treatments were as follows: Grouped-S—27, 
Separated—30, Grouped-D—21, and Random 
—29. The agreement between these four num- 
bers and the Ns for replications is coincidental. 


Results and Discussion 


The median percentage of correct 
responses for the tests of each practice 
block is shown for each experimental 


condition in Fig. 3. The Separated 
treatment produced a greater median 
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number of correct responses than any 
of the other treatments throughout 
the course of the experiment. From 
the early practice sessions onward the 
distribution of correct response scores 
were too skewed to recommend analy- 
sis of variance. Instead, the Mann- 
Whitney U test was applied to the 
correct response scores for each of the 
three training days. For Day 1, the 
differences between the Separated 
treatment on the one hand, and the 
Grouped-S, the Grouped-D, as well 
as the Random conditions, respec- 
tively, were significant at the .05 level. 
For Day 2 the difference between the 
Separated and the Grouped-S condi- 
tion reached the 5% level of signifi- 
cance. 

Although the median number of 
correct responses made by Ss under 
the Grouped-S treatment on either of 
the first two training days was some- 
what less than that of Ss operating 
under other conditions, the statistical 
comparisons did not support the con- 
clusion that the Grouped-S, Grouped- 
D, and Random conditions con- 
sistently differed in training effec- 
tiveness. For Day 3 none of the 
comparisons among experimental con- 


























. 3. Median percentage of correct re- 
sponses as a function of practice in Exp. III. 
The median measure is shown because the statis- 
tical argument of the text did not utilize scores 
but rather the rank of scores. 
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ditions reached statistical significance. 

The data obtained from the 48-item 
tests which were administered at the 
end of Day 1 and at the beginning and 
end of Days 2 and 3 were in essential 
agreement with the data reported 
above as far as the relative effective- 
ness of the four training conditions 
was concerned. 


The findings of this experiment sup- 
port those of the first two studies. It is 
noteworthy that the performance level 
achieved during the first practice block 
of Exp. III is about equal to that at- 
tained after the entire course of practice 
in Exp. I, while the performance level 
reached in Block 2 of the present experi- 
ment exceeds that attained after 10 
blocks of practice in Exp. II. It is likely 
that the failure to obtain statistically 
significant differences among experimen- 
tal conditions during the later stages of 
practice is at least in part due to the ceil- 
ing (144 correct responses) which the 
combined daily test scores could not ex- 
ceed. The ceiling effect tended to re- 
duce the usefulness of test measures as 
indices of learning effectiveness. 

An attempt was made to determine 
whether differences among experimental 
treatments in correct responses were as- 
sociated with differences in the incidence 
of any one of several categories of errors. 
Omissions constituted 7.44% of all errors 
while substitution errors accounted for 
92.26%. Error responses, which were 
not appropriate to any of the stimuli 
used in this experiment, almost never 
occurred (.30%). There were no differ- 
ences among treatments as far as rela- 
tive frequency of omissions were con- 
cerned. Substitution error frequencies 
for the four conditions, however, were in 
approximately inverse order to the rela- 
tionship among experimental treatments 
as far as correct responses were con- 
cerned. 

Substitution errors were broken down 
further in order to evaluate the effects 
of repeated successive presentation of 
stimuli in the practice order on the fre- 
quency of substitutions among such 
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stimuli. Three categories of substitu- 
tions were distinguished. These were: 
Type (a), substitutions within the groups 
of similar stimuli which were presented in 
repeated conjunction in the Grouped-S 
treatment; Type (b), substitutions within 
the arbitrarily chosen groups of relatively 
dissimilar stimuli which were presented 
conjunctively in the Grouped-D condi- 
tion; and Type (c), all substitution errors 
which were neither Type (a) nor Type (b). 
As may be seen in Fig. 4, the mean fre- 
quencies of each of these three categories 
of errors generally were found to be in 
keeping with the relative standing of the 
four treatments as far as correct re- 
sponses were concerned. 


Discussion 


The results of three essentially identi- 
cal experiments have indicated that the 
Separated treatment facilitates learning 
more than the Grouped-S practice condi- 
tion. This appears to hold for major 


portions of the practice required for 
mastery of the paired-associate skills 


under training. Data has also been 
presented from two experiments which 
show that the Separated treatment ex- 
ceeds both the Random and_ the 
Grouped-D condition in training effect- 
iveness. This could be demonstrated 
statistically for only the early portions of 
practice. 

The four experimental treatments of 
this study differed in terms of two major 
related variables. These were: (a) the 
relative separation of similar stimuli and 
(4) the likelihood of certain stimuli ap- 
pearing consecutively in the practice 
order. If the second of these variables 
had been effective in the present situa- 
tion, it should have acted to delay the 
course of acquisition. This effect was 
expected because repeated conjunction 
of stimulus terms in practice can be pre- 
sumed to set up serial habits which are 
likely to interfere with the paired-associ- 
ate habits under training. The data do 
not support the hypothesis that the 
likelihood of certain stimuli appearing 
consecutively in the practice order is 
the only effective factor operating in the 
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practice for the four treatments. The vertical scales of the three plots are not comparable. 


text for explanation of the error categories. 


present experimental situation, because 
according to this hypothesis the experi- 
mental treatments should arrange them- 
selves in descending order of training 
effectivéness as follows: 1. Random, 2. 
Separated, 3. Grouped-D, and 4. 
Grouped-S. This is due to the fact that 
repeated conjunction of certain stimulus 
terms is least likely for the Random 
condition, next likely for the Separated 
treatment, and by far the most likely for 
the Grouped-D and Grouped-S condi- 
tions. 


The effect of repeated contiguity of certain 
stimulus terms can also be determined by ex- 
amining the error data for a response tendency 
which will be called anticipation set. Anticipa- 
tion set can be viewed as a serial habit which was 
thought to result from the fact that in the 
Grouped-S and Grouped-D conditions, three 
stimuli always appeared successively. For ex- 
ample, in the Grouped-S treatment, G, R, and 
W always appeared consecutively during prac- 


See the 


tice. An instance of anticipation set here would 
be the increased likelihood of an R or W re- 
sponse to any stimulus which followed G. The 
term practice mates may be used to describe the 
members of any particular set of three stimuli 
which always appeared successively under one of 
the experimental treatments. Anticipation set 
is then defined as an increased tendency to give 
a response appropriate to a practice mate to any 
stimulus which follows a member of a set of 
practice mates.§ 

The data from the Grouped-S and the 
Grouped-D conditions were examined for antici- 


5It can readily be seen that during randomly 
arranged test trials, such an anticipation set 
would tend to increase the number of errors if 
the stimuli which follow each other are not prac- 
tice mates. The chances that any stimulus is 
not followed by a practice mate are greater than 
that it is followed by a practice mate in a random 
test trial. Therefore, the over-all effects of 
anticipation set should be an increase in the 
mean error scores of the Grouped-S and 
Grouped-D treatments. 
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pation set in the following manner. In every 
48-item test, each stimulus was presented four 
times. In a few of the stimulus appearances the 
stimulus followed another practice mate in the 
order of test presentations. These will be refer- 
red to as AS—anticipation set stimuli. In most 
of the other appearances, the stimulus did not 
follow any of its practice mates. These will be 
referred to as FS—free stimuli. For every in- 
stance in which a particular stimulus was an AS, 
another instance was chosen at random in which 
the stimulus was an FS. Both of these instances 
were in all cases within the same 48-item test. 
The frequency of practice mate responses for 
each of these two presentations of the stimulus 
in point was then determined. For example, G 
followed the stimulus W at one point in the 
second 48-item test. The frequency with which 
G elicited G, R, or W in that position in the 
random test sequence was compared with the 
G, R, W frequency to G when that stimulus was 
at another arbitrarily chosen point (following 
the stimulus “5” in this particular example) in 
the second 48-item test. In the five 48-item 
tests, 23 such AS:FS pairings were found for 
stimuli appearing consecutively in the practice 
orders of the Grouped-S treatment. For these 
pairings, AS resulted in 503 practice mate re- 
sponses, while FS gave rise to 511 such responses 
in Ss trained under the Grouped-S treatment. 
The Ss under the Random practice condition 
produced for the same AS:FS pairings, respec- 
tively, 558 and 567 practice mate responses. 

A like comparison for stimuli appearing con- 
secutively in the Grouped-D condition produced 
the following results. The Ss under the 
Grouped-D treatment made 486 practice mate 
responses to AS, and 499 practice mate responses 
to FS. The corresponding response frequencies 
for the Random treatment were 697 for AS, and 
714 for FS. These frequencies were based on 37 
AS:FS pairings. 

Since the number of practice mate responses to 
AS in no case exceeds like frequencies for FS, it 
must be concluded that no evidence for the inter- 
fering effects of anticipation set due to the 
Grouped-S or Grouped-D treatments could be 
shown for the present experiment. 


Since the interfering effects of serial 
habits due to repeated ordinal conjunc- 
tion of certain stimuli could not be dem- 
onstrated, the results of this experiment 
must be interpreted as supporting the 
notion that the maximal separation of 
similar stimuli during practice results in 
facilitated acquisition of paired-associate 
habits which involve Morse signals as 
stimulus terms. This study therefore 
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does not support the generality for all 
paried-associate material of the findings 
previously reported by Gagne (1). 
Gagne found that the successive presen- 
tation of similar stimuli was the most 
effective practice sequence in a paired- 
associate task which employed nonsense 
figures as stimulus terms. 

It is believed that these differences in 
findings are due to differences in the type 
of stimulus materials used in the two 
studies. Gagne’s stimulus materials 
differed from those used in the present 
experiment in several respects. Among 
these is the frequency with which seg- 
ments of the stimuli evoke distinct re- 
sponses in experimentally naive Ss. 
When presenting the Gagne nonsense 
figures, E can readily elicit from S such 
responses as: ““This one has a sharp angle 
on top at the right’’; “It has a long line 
sticking out in the lower left corner’; or, 
“The bottom of the figure is flattened’’; 
and so on. These mediating responses, 
probably play an important role in the 
acquisition of such paired-associate ma- 
terial. In contrast, the Morse stimuli 
used in the present study were sent at a 
tone speed of 20 words/min. (standard 
word: Codez). This means that each 
individual dot is of .05 sec. duration. 
Such a tone speed in general does not 
facilitate analytic verbal responses to 
components of the signal. As a matter 
of fact, many Ss are at a loss to describe 
signals (as by saying “it is a dot and four 
dashes”) to which they have learned to 
respond with the appropriate alphabetic 
equivalent. 

It is thought that the difference in 
stimulus material described above will 
submit to a simple rational account. 
This account cannot be made, however, 
without recourse to further experimenta- 
tion. This is, to an important degree, 
due to the fact that the Gagne study 
differed from the present experiment in 
two other respects which may have been 
of consequence. These were: 

1. Gagne presented stimulus and re- 
sponse terms simultaneously during prac- 
tice trials. This resulted in a minimum 
of overt substitution errors during prac- 
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tice. The present experiment used the 
anticipation method. This resulted in 
many overt substitution errors during 
practice. 

2. The response terms used by Gagne 
were trigrams consisting of a vowel placed 
between two consonants. Such trigrams 
are in general not perfectly in Ss’ re- 
sponse repertoire at the beginning of 
practice. This resulted in the fact that 
more than 60% of the total errors re- 
ported by Gagne were not strictly ap- 
propriate to any of the stimuli of the 
list. The response terms used in the 
present study, i.e., single letters or num- 
erals, were very familiar to all Ss prior 
to the beginning of practice. This as- 
sured the fact that nearly all errors were 
substitution errors. 


SUMMARY 


Three experiments were performed which 
were designed to determine the role of sequence 
of stimulus presentation in the acquisition of 
paired-associate habits. The experimental task 
employed 12 aural Morse code signals as stimu- 
lus terms, and their appropriate alphabetic or 
numeric equivalents as response terms. 


The first experiment (N = 42) compared 
practice orders (a) involving the maximal sepa- 
ration of similar stimuli with (5) orders involving 
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maximal clustering of similar stimuli. Experi- 
ment II (N = 71) and Exp. III (N = 107) in- 
volved the comparison of four different methods 
of arranging practice orders. These were: (a) 
maximal separation of similar stimuli; (6) suc- 
cessive presentation of similar stimuli; (c) suc- 
cessive presentation of relatively dissimilar 
stimuli; and (d) random stimulus presentation. 

The data indicate that the maximal separa- 
tion of similar stimuli in the practice order led to 
facilitated acquisition of the paired-associate 
habits under training. 

These results are contrasted with those of a 
previous study by Gagne (1). 
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ASSOCIATIVE TRANSFER IN MOTOR PAIRED-ASSOCIATE 
LEARNING AS A FUNCTION OF AMOUNT 
OF FIRST-TASK PRACTICE 
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The classical design for associative 
interference in paired-associate learn- 
ing is the A-B, A-C sequence. The S 
first learns one set of responses to a 
set of stimuli and then learns a new 
set of responses to these same stimuli. 
Studies of associative interference in 
verbal paired-associate learning have 
differed in the type of control condi- 
tion against which the amount and 
direction of the associative transfer in 
the A-B, A-C series was assessed. 
One of the more common designs 
varies the amount of first-task prac- 
tice given to different groups and 
compares the performance of these 
groups on the second task. Whether 
the amount of first-task practice is 
none versus some (7, 8, 10, 11) or is 
varied through several degrees (1, 12, 
13), the results have consistently 
showed over-all positive transfer, with 
relatively small amounts of interfer- 
ence restricted to the early trials. 

Associative transfer has also been 
studied with unrelated lists. It has 
been established that positive transfer 
occurs from initial to subsequent un- 
related lists (4, 14, 15) and that the 
amount of positive transfer is a direct 
function of the amount of immediately 


1 From October, 1956, to May, 1957, the in- 
vestigators collaborated in the design and con- 
duct of a series of studies on associative transfer. 
The second investigator met her untimely death 
on May 9, 1957, in an automobile accident en- 
route to the school system in which the data were 
collected. The first investigator is responsible 
for the preparation of the manuscript. He is 
indebted to Don Lewis, I. E. Farber, and Boyd 
R. McCandless for helpful suggestions in its 
preparation. 








prior practice (9) and an inverse func- 
tion of the time between first and sec- 
ond tasks (5). Thus, if one wishes to 
study the second-task interference 
resulting from the necessity for un- 
learning the responses learned to the 
stimuli in the first task (associative 
interference), the total amount of 
prior practice must be either statisti- 
cally or experimentally controlled. 
The statistical control may be ob- 
tained by providing, at each level of 
first-task practice, a control condition 
in which Ss have had equivalent 
amounts of practice on a first task in 
which the associations are unrelated 
to those of the second task. Thus, 
Gibson (3) found that Ss given the 
A-B, D-C series performed signifi- 
cantly better on their second task 
than Ss given the A-B, A-C sequence. 
Since Gibson was not primarily inter- 
ested in associative transfer, however, 
she neither equated the A-C and D-C 
lists nor counterbalanced them for 
difficulty, with the consequence that 
her results, in this respect, cannot be 
unequivocally interpreted. A similar 
reservation holds for the nonsignficant 
findings in the same direction by 
Bruce (2). Experimenta! control of 
prior practice may be obtained by 
giving all Ss the same amount of total 
practice prior to the transfer task, at 
the same time varying the proportion 
of total practice which is given on a 
task having the same stimulus items 
as those of the transfer task. The 
writers know of no experiments with 
associative interference in which 


123 





124 


amount of prior practice was experi- 
mentally controlled. 

Four experiments were conducted 
to investigate associative interference 
in motor paired-associate learning. 
In Exp. I and II, amount of prior 
practice was statistically controlled; 
in Exp. III and IV, amount of prior 
practice was experimentally con- 
trolled. All experiments utilize 
intra-S comparisons in order to in- 
crease the precision of the experi- 
ments. 


EXPERIMENT [| 
Method 


Apparatus—The apparatus was designed to 
present motor paired-associate learning tasks in 
which S learns to associate a different push but- 
ton with each of six stimulus lights differing in 
hue. It consists of four parts: a stimulus pres- 
entation unit, the response unit, a control box, 
and a timing unit. It permits the presentation 
of a stimulus for a set anticipation time interval, 
followed by a timed interval during which the 
stimulus is presented jointly with an informa- 
tional light beside the correct button, followed 
in turn by a timed interstimulus interval. The 
S is instructed to respond by pushing the correct 
button prior to the onset of the informational 
light. A bell sounds immediately if his response 
is correct, and, whether or not it is correct, the 
informational lamp is automatically turned on 
at the end of the anticipation interval. 

The stimulus unit is a black box 4 in. high, 
20 in. wide, and 12 in. deep. On the front face 
of the box is the stimulus aperture, 2 in. in diam- 
eter, covered with flashed opal glass. Inside the 
box, each of six 75-w. projection lamps is en- 
closed in a compartment on the front face of 
which is an opening over which a 2 X 2-in. glass 
color filter may be placed. Glass color filters 
obtained from the Corning Glass Co. were used. 
The stimuli were a red (No. 2404), a green (No. 
4060), a yellow (No. 3387), a violet (No. 5113), 
an aqua (No. 4305), and a white (no filter). 
The stimulus box is mounted on 5-in. legs. 

The response unit consists of a 12 XK 20-in. 
black panel that slopes downward toward S. 
Arranged in a semicircle on the panel are nine 
push-button switches approximately 24 in. 
apart. Beside each button, a small 6-v. pilot 
(informational) lamp is mounted with the glazed 
tip of the bulb projecting through the top surface 
of the panel. At the end of each anticipation 
interval, one of these lamps is energized to indi- 
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cate which button S should have pushed. The 
buttons are numbered, starting at the left, from 
1 to 9 with small white numerals painted on the 
panel beside the buttons. During the task, the 
response unit is placed directly in front of the 
stimulus unit so that the stimulus aperture is 
approximately 3 in. above the center button. 

The control unit enables E to select the par- 
ticular stimulus-response pairings appropriate 
for a given task and to determine which stimulus 
will be presented on a given trial. The timing 
unit consists of three Hunter decade interval 
timers to control the time between the onset of 
the stimulus and the onset of the informational 
lamp, the length of the joint presentation of the 
stimulus and the informational lamp, and the 
interstimulus interval. During the interstimu- 
lus interval, E turns a selector switch to that one 
of six positions which simultaneously determines 
for the next presentation the appropriate stimu- 
lus and the corresponding correct response button 
and informational lamp. 

Subjects and design.—The Ss were 18 Grade 4 
and Grade 5 children from the Ottumwa Public 
Schools.? All Ss were given three stimuli in 
Task I and were required to learn to associate a 
different one of the nine buttons with each stimu- 
lus. In Task II, they were given these same 
three stimuli and three stimuli they had not pre- 
viously seen, and were required to learn to associ- 
ate new buttons with each of the six stimuli. 
Thus, in Task II, half the light-button pairs rep- 
resent an A-B, A-C paradigm and the other half, 
an A-B, D-C paradigm. Three Ss were ran- 
domly assigned to each of six subgroups in order 
to control for the possible differential difficulty 
of the stimulus-response pairs. The complete 
design is schematized in Table 1. The numbers 
in the table designate the buttons (from left to 
right) which were correct for each of the six color 
stimuli for Task I and Task II within each of the 
six counterbalancing subgroups. 

Procedure.—The S was seated before the ap- 
paratus, shown the six stimulus lights one at a 
time, and asked to name them. He was then 
told that the experiment was concerned with a 


?The investigators are indebted to R. O. 
Wright, Director of Curriculum, Ottumwa Pub- 
lic School System, Ottumwa, Iowa, for his gen- 
erous permission to use the Ss of these experi- 
ments. They are also indebted to M. E. Wilson, 
Principal, Agassiz Elementary School, and his 
teaching staff for their fine cooperation in pro- 
viding facilities and for their assistance in many 
other ways during the conduct of Exp. I and 
II. Thanks are also due Albert Whittlesey, 
Principal, Wilson Elementary School, and his 
teaching staff for equally fine cooperation during 
the conduct of Exp. III and IV. 
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Fic. 1. Mean number of correct responses 
in the transfer task of Exp. I for both conditions. 


comparison of adults and children in their abili- 
ties to discriminate among and to remember 
colors. He was given instructions concerning 
the nature of the task and was urged to guess on 
the first trial. The need to respond prior to the 
onset of the informational lights was emphasized. 
Immediately following the instructions, the first 
stimulus was presented and S was asked to re- 
spond. 

During Task I, the anticipation interval was 
set at 3 sec., the joint presentation interval was 
2 sec., and the interpresentation interval was 3 
sec. Task I training for each S was continued 
until he met a criterion of three successive error- 
less trials, although all Ss received at least 12 
trials, where a trial was defined as the presenta- 
tion of all three stimuli in some order. In each 
successive block of six trials, all six possible 
orders of presenting the three stimuli were used. 

When S reached the Task I criterion, E an- 
nounced that he was going to make the task 
harder by including more lights. He then set up 
the light-button connections which were appro- 
priate for that S’s Task I]. This required, on 
the average, about 2 min. No instructions were 
given S concerning the change in the light-button 
pairings from Task I to Task II. Next, E im- 
mediately began to administer 12 trials on Task 
II, where each trial included one presentation of 
each of the six stimuli. Six different orders of 
presenting the stimuli within a trial were used in 
each successive block of six trials. All three 
time intervals were set at 2 sec. for Task II. 

The E recorded, on prepared sheets, the first 
button to which S responded on each stimulus 
presentation. Responses made by S to correct 
initial errors were recorded, but were not counted 
as correct in the tabulation of the data. Re- 
sponses occurring after the onset of the informa- 
tional light were recorded with a notation of 
their tardiness, but such responses were always 
scored as omissions in the analysis of the data. 
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TABLE 1 


Licut-Buttron Connections tn Tasks I anp 
II For THE CoUNTERBALANCING SUBGROUPS 
(Exp. I and Exp. II) 











Stimuli 1 











Red 
Green 
Yellow 
Violet | 2 
White (4 
Aqua |7 




















Results 


The mean number of trials required 
to reach the criterion of three con- 
secutive errorless trials in Task I was 
6.33 (SD = 3.50). Since all Ss were 
given a minimum of 12 trials, the 
majority of Ss received considerable 
overtraining. 

The performance of Ss in Task II on 
the types of S-R connections is shown 
in Fig. 1. An analysis of variance of 
these data was conducted (6, Type 
VI, p. 292), with conditions (type of 
pair) and trial blocks as intra-S fac- 
tors and the counterblanacing sub- 
groups as an inter-S factor. A sum- 
mary of this analysis is given in Table 
2. Clear evidence is provided for the 
superiority of the D-C condition (P 
< .001) and a significant interaction 
(P < .025) was obtained between the 
Conditions and the Trial Blocks. 
The counterbalancing Subgroups ef- 
fect was not statistically significant. 
The results of Exp. I thus permit the 
conclusion that the A-B, A-C series 
results in associative interference rela- 


tive to the A-B, D-C. 


Experiment II 


Experiment II was conducted to determine 
whether or not the amount of interference in the 
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TABLE 2 


ANALysis OF VARIANCE OF NUMBER OF CORRECT 
Responses Per Turee-TRIaAt Biocks FOR 
A-C anp D-C Connitions 

















(Exp. I) 
Source df MS F P 
Between Ss 17 
ere (Sg) 5} 11.58}; 1.21 
Error ( 12} 9.56 
Within Ss 126 
Trials (T) 3. |196.80 |102.50 | .001 
Conditions (C) 1} 93.45 | 43.67 | .0O1 
T X Sg 15} 2.35] 1.22 
TXC 3} 5.37) 4.01 | .025 
Se x C 5} 3.78| 1.77 
SsX CX T 15} 1.03|<1.00 
Error (w) 84 
Error; (w)* 36; 1.92 
Error: (w)> 12; 2.14) 
Error; (w)* 36) 1.34 
! 











A-B, A-C condition is a function of the amount of 
first-task practice. Fifty-four children from 
Grades 5 and 6 were randomly assigned in equal 
numbers to three experimental groups.? Groups 
5, 10, and 20 were given 5, 10, and 20 trials, 
respectively, on Task I. All Ss were then given 
12 trials on Task II. All other procedures were 
the same as those in Exp. I. 


Resuits 


The means and SD’s of total cor- 
rect responses for the three groups in 
different phases of the experiment are 
shown in Table 3. Correct responses 
for the first five trials of Task I indi- 
cate that the three groups were initi- 
ally rather well matched, a simple 
analysis of variance yielding an F 
ratio less than unity. A _ similar 
analysis of the number of correct re- 
sponses in the last five trials for the 
three groups yielded a significant F 
ratio (P < .01). The mean of Group 
5 differed significantly (P < .01) from 
those of Groups 10 and 20; the latter 
means did not differ significantly. 
The different amounts of first-task 


3 See Footnote 2. 
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TABLE 3 


Means anv SD’s or Tota, NuMBER OF 
Correct Responses 1x Tasks I anv II 























(Exp. IT) 

Group 5 Group 10 | Group 20 

Task 
Mean) SD Mean| SD |Mean| SD 

Task I 1S Be 
First 5 trials* 6.17 | 3.20) 7.22 2.69 | 6.11 | 2.85 
Last 5 trials 6.17 | 3.20 13.11 2.05 [06.97 | 0.58 

Task II (12 trials) 
A-C 14.33 | 6.84 |17.78 | 5.81 115.61 7.18 
D-C nas 5.87 |22.28 | |23.22 | 4.82 








* For Group 5, the first 5 trials were also the last 5 
trials. 


practice were thus adequate to bring 
about different performances between 
Group 5 and the other two groups. 
The mean numbers of correct re- 
sponses per three-trial block are shown 
in Fig. 2. Here it may be observed 
that the difference between the A-C 
and D-C curves increases with increas- 
ing amounts of first-task practice. A 
preliminary analysis of these data 
indicated that the subgroups did not 
differ significantly from one another 
and that they did not interact sig- 
nificantly with other variables. Con- 
sequently, a simpler analysis (6, Type 
I, p. 267) was conducted and a sum- 
mary is presented in Table 4. For 
this analysis, only Groups 5 and 20 
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Fic. 2. Mean number of correct responses 
in the transfer task of Exp. II for all three groups 
under each condition. 
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were used, since these are the extreme 
groups and permit the most sensitive 
test for the trend predicted by the 
major hypothesis. As is apparent in 
Table 4, the difference between per- 
formance on the A-C and D-C condi- 
tions is significant at the .001 level. 
Furthermore, there is a significant 
interaction between the two condi- 
tions and the amount of training 
(P < .05). This interaction reflects 
the greater interference for Group 
20 relative to Group 5. 

Related ¢ tests were used to com- 
pare the A-C and D-C means sep- 
arately for each group. Performance 
on the D-C condition was significantly 
superior to that on the A-C for each 
group (Group 5, P < .05; Group 10, 
P < .025; and Group 20, P < .001). 
Thus, even five trials on Task I were 
adequate to produce statistically 
significant interference on the A-C 
condition. A simple analysis of vari- 
ance of the number of correct responses 
for the three groups on the D-C condi- 
tion alone showed that performance on 
the D-C condition improved signi- 
ficantly (P < .005) with increasing 
first-task practice. On the other 
hand, the same analysis for the A-C 
condition showed no significant vari- 
ation in A-C means with first-task 
practice (P > .10). 


TABLE 4 


\NALysis OF VARIANCE oF Correct Responses 
ror Groups 5 anp 20 








(Exp. ID 
Source | df | ws B 
Between Ss 35 
Groups (G) 1 | 220.5) 3.49 
Error (b) 34) 63.1 
Within Ss 36 
Conditions (C) 1 | 480.5 | 24.64** 
CxG | 1 | 88.9) 4.56* 
Error (w) 34. | 19.5 
*P <.08. : 
=P < Ol. 
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TABLE 5§ 
Totat Frequency or Dirrerent 
Types or Exror on Task II 
(Exp. II) 
Group § Group 10 | Group 20 
Type of Error —_— 
| A-C p-c| A-C | D-C| A-C | D-C 
Omissions | 98|102| 108| 58| 105| 70 
Intralist errors | 169 | 168} 148 | 137) 175 | 116 
Task I | 
intrusions | 123| 67| 72) 51) 87)| 48 
Old habit | 
errors (40) |(39) (51) 
Total errors 390 | 337 | 328 | 246) 367 | 234 





The interpretation of these findings 
assumes that variation in amount of first- 
task practice simultaneously varies both 
positive and negative transfer. The 
positive transfer is presumably the result 
of nonspecific factors such as warming-up 
(©,9) and/or learning-to-le -n (4, 14, 
15). The negative transfer is the result 
of learning specific incompatible associ- 
ations in Task J. Performance on the 
D-C pairs reflects only the positive trans- 
fer effects. Performance on the A-C 
pairs reflects both the positive and nega- 
tive transfer effects. These opposing 
effects resulted in no significant net 
transfer for the A-C condition. The 
evidence for associative interference is 
obtained by comparing Ss’ performance 
under the A-C and D-C conditions, in 
which comparison the positive transfer 
is held constant. 

It is informative to consider the fre- 
quency of different types of error during 
the learning of Task II. The total fre- 
quencies are shown in Table 5, where 
“omissions” are defined as failures to 
respond during the anticipation interval, 
an “‘intralist” error is the selection of a 
button that is correct for a stimulus other 
than the one presented, and “Task I 
intrusions” involve selections of buttons 
used in Task I. Task I intrusions in- 
volving response to a stimulus in Task II 
with the button that was correct in Task 
I were designated “Old habit errors” and 
are shown separately for the A-C condi- 
tions in Table 5. 
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The major trends in Table 5 may be 
summarized briefly. The frequencies of 
omissions, intralist errors, and Task I 
intrusions on the D-C pairs tend to de- 
crease with increasing amounts of first- 
task practice. No consistent trends for 
these three types of error are apparent 
for the A-C pairs. The differences be- 
tween the D-C and A-C totals for both 
omissions and intralist errors tend to in- 
crease with increasing first-task practice. 
The differences between D-C and A-C 
totals for Task I intrusions tend to de- 
crease, if anything, with increasing first- 
task practice. No marked trend for the 
old habit errors is apparent. From these 
data, considered by themselves, it ap- 
pears that either omissions or intralist 
errors constitute the most sensitive index 
of associative interference and that Task 
I intrusions are either inversely related 
or unrelated to associative interference. 


Experiment III 


The failure in Exp. II to show a 
decrease in the A-C correct anticipa- 
tion means, with increase in first-task 
practice, is presumably due to the 
effect on A-C performance of such 
nonspecific factors as warm-up and 
learning-to-learn. An experiment 
that varied amount of first-task prac- 
tice within Ss, by giving different 
amounts of practice on subsets of 


TABLE 6 


Licut-Butron Parrincs For 
Task I anv Tasx II 




















(Exp. III and Exp. IV) 
Correct Buttons 
Pair Stimuli 
Task I Task II 
A Red 4 1 
White 7 3 
B Blue 2 5 
Yellow 10 6 
Cc Green 12 9 
Violet 8 ll 
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first-task pairs and then requiring Ss 
to learn a new response to each of 
these stimuli, should show steadily 
increasing interference as a function 
of amount of first-task practice. Such 
a design would assure that Ss have 
had equal amounts of total practice 
with the task for each of the different 
amounts of first-task practice. Ex- 
periment III is an attempt to demon- 
strate this hypothesis. 


Method 


Apparatus—The apparatus for Exp. III was 
the same as that for Exp. I and II except that the 
response unit consisted of 12 push-button 
switches instead of 9. 

Subjects, design, and procedure —The Ss were 
30 children from Grade 4 of the Ottumwa Public 
School System.‘ All Ss were given six stimuli in 
Task I and were required to associate a different 
one of 6 of the 12 buttons with each stimulus. 
In Task II, they were given these same six stimuli 
and were required to associate a different one of 
the other six buttons with each stimulus. The 
light-button pairs for the two tasks are shown in 
Table 6. The amount of Task I practice was 
varied within Ss by presenting, in Task I, two 
stimuli 5 times, two others 10 times, and a third 
pair 20 times. Six subgroups of five Ss each 
were randomly formed in order to counterbal- 
ance for the intrinsic difficulty of the S-R pairs. 
All six ways of combining the three stimulus 
pairs (A, B, and C of Table 6) with the three 
levels of first-task training were thus represented. 

The procedures for Exp. III were the same as 
those for Exp. I and II with the following excep- 
tions. During Task I, a total of 70 stimulus 
presentations was administered. In each suc- 
cessive block of 14 presentations, the first pair-of 
stimuli was presented once; the second pair, 
twice; and the third pair, four times. Within a 
block of 14 presentations, the order of presenting 
the stimuli was random with the restriction that 
no stimulus appear twice or more successively. 
For each of the 5 blocks of 14 presentations, a 
different order was used. During the interpres- 
entation interval following the last stimulus 
presentation of Task I, £ unobtrusively turned 
a selector switch to re-pair the lights and the 
buttons for Task II. Thus, S was started on 
Task II without warning. Twelve trials on 
Task II were administered, where each trial 
included one presentation of each of the six 
stimuli. 


* See Footnote 2. 
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TABLE 7 


Means anv SD’s or Numper or Correct Responses 1x Task I 
FOR DirFeRENT ConpiTIONs OF TRAINING 








Experiment III 


Experiment IV 











— 
| 











Conditions First 5 Presentations | Last 5 Presentations First 5 Presentations Last 5 Presentations 
of Training 
| ; | : 
Mean SD Mean SD | Mean SD Mean | SD 
5* > i ie 3.23 2.32 3.93 2.08 3.93 2.08 
10 36| «(2.80 2.58 6.13 | 2.86 2.67 | 2.06 6.20 | 3.32 
20 | 265 | 1.79 8.27 | 2.65 293 | 200 | 837 | 178 











* For Cond. 5, the first five presentations were the same as the last five. 


Results 


Task I.—The first two columns of 
Table 7 give the means and SD’s of 
the number of correct responses to 
the first five presentations for each of 
the three conditions of first-task train- 
ing. It is apparent that there are 
fewer correct responses to the first 
five presentations for the stimuli pre- 
sented 20 times in Task I than for 
those presented five times. An analy- 
sis of variance of these scores yielded 
an F ratio significant at only the 10% 
level. The meaning of these differ- 
ences will be discussed in connection 
with the results of Exp. IV. 

The third and fourth columns of 
Table 7 present the means and SD’s of 
the number of correct responses to 


the last five presentations for the 
three conditions of first-task practice. 
The final level of performance is seen 
to be an increasing function of the 
number of previous presentations. 
Analysis of variance, with amount of 
first-task practice and stimulus pairs 
as within-S factors (3, Type II, p. 
273), indicates that these differences 
are highly significant (P < .001). 
Task I].—The first three columns 
of Table 8 give the means for Task II 
of the different types of error that were 
considered in Exp. II. As expected, 
the number of total errors increases 
with increasing number of first-task 
presentations. Analysis of variance 
(3, Type II, p. 273), however, showed 
the difference in these means to be 


TABLE 8 


Means or Dirrerent Types or Error in Task II 


FoR Dirrerent ConpiTions oF TRAINING 





Experiment III 


Experiment IV 





Type of Error 


Task I Presentations 


Task I Presentations 











s - yi)? os 5 10 20 

Omissions 4.27 | 497 | 5.63 $17 | $47 | 7:97 
Intralist errors 5.07 5.43 5.17 | 5.03 6.10 4.60 
Task I intrusions 5.27 | 240 | SMB | S20 | 457 5.07 
Old habit errors (0.93) | (0.60) | (0.80) | (1.43) | (0.97) | (1.20) 
Total errors 12.60 | 13.00 | 13.80 | 1540 | 16.13 | 17.63 
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nonsignificant (P > .20). Examina- 
tion of the means for response omis- 
sions indicates that they increase with 
an increase in the number of Task I 
presentations. This trend was found 
to be significant at only the 10% level. 
Intralist errors, Task I intrusions, and 
old habit errors do not manifest a 
systematic change with variation in 
degree of prior learning, and in each 
case, the differences among means 
were nonsignificant (P > .20). 


EXPERIMENT IV 


On the assumption that omissions best reflect 
interference in the A-B, A-C design, Exp. IV 
was conducted in an attempt to increase the 
number of omissions by reducing the length of 
the anticipation interval during Task I]. Ex- 
periment I was replicated with another group of 
30 fourth-grade children from the same school,® 
the sole procedural change involving a reduction 
in the anticipation interval in Task II from 2 sec. 
to 1} sec. 


Results 


Task I—The means and SD’s of 
the correct responses to the first and 
to the last five presentations are given 
in the last four columns of Table 7. 
The Ss were again found to perform 
better to the first five presentations of 
the stimuli that were presented only 
five times than they did to the stimuli 
presented either ten or twenty times. 
Analysis of variance showed the 
differences among the three means to 
be significant (P < .01). The num- 
ber of correct responses to the last 
five presentations again was found to 
increase significantly (P < .001) with 
an increase in the number of previous 
presentations. 

Task II.—The means of the differ- 
ent types of error in Task II are 
shown in the last three columns of 
Table 8. Total errors were again 
found to increase with increase in 
number of Task I presentations, and 


5 See Footnote 2. 
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TABLE 9 


ANALYsIs OF VARIANCE OF TOTAL 
Errors ry Task II ror Exp. IV 























Source df MS P 
Between Ss 29 
T X P (b) 2 | 10.35 | <1.00 
Error (b) 27 | 41.83 
Within Ss 60 
Training conditions 
2 | 38.88 3.82* 
Stimulus pairs (P) 2 | 64.68 6.35** 
T X P (w) |} 2] 2.32) <1.00 
Error (w) | 54 | 10.19 | 
*P <.0S. 
™P < .005. 


omissions again appear to reflect the 
increasing interference somewhat more 
sensitively than does any one of the 
other error measures. 

The analysis of variance conducted 
on number of total errors is summa- 
rized in Table 9. Stimulus pairs were 
found to differ significantly (P < 
.005) reflecting the greater ease in 
learning Pair A (Table 1) than in 
learning the other two. The means 
for the three conditions of training 
differed at the 5% level of confidence. 
Using the error term from this analy- 
sis, a ¢ test was conducted for the 
means of the 5 and 20 conditions. 
The resultant ¢ was 2.71, P < .O1. 

The same type of analysis was con- 
ducted over each of the other four 
types of error. No significant differ- 
ences among means were found for 
old habit errors, intralist errors, and 
Task I intrusions (P > .10). The 
analysis of omissions, however, yielded 
a significant F ratio for the three con- 
ditions (P < .001), and ¢ tests showed 
that Cond. 5 and 10 each differed 
significantly from Cond. 20 (P< 
001), but did not differ significantly 
from each other (P > .20). 


Discussion 


The results of Exp. III and IV are con- 
sistent in showing amount of interference 
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in Task I] to be an increasing function of 
amount of first-task practice, when non- 
specific transfer is experimentally con- 
trolled. In Exp. III, the results were not 
statistically reliable. In Exp. IV, the 
results were in the same direction, and, 
apparently due to the reduction in antic- 
ipation time, were more reliable. 

The finding that Task I performance 
on the first five presentations differed for 
the three conditions of practice requires 
some consideration. The five presenta- 
tions of the stimuli in Cond. 5 were 
spread throughout the 70 stimulus pres- 
entations of Task I, while the first five 
presentations of the stimuli in Cond. 20 
were given in the first 18 presentations. 
Thus, in Cond. 5, Ss were receiving some 
of the presentations late in Task I, while 
in Cond. 20, they were receiving all the 
presentationsearlyinthetask. The find- 
ing, then, represents an instance of posi- 
tive transfer within a single task, the 
positive transfer presumably due to 
amount of prior practice on the task. 
The fact that it is potent enough to be 
statistically significant in such a rela- 
tively crude test emphasizes the need to 
control such effects if one wishes to as- 
sess interference due to the prior learning 
of incompatible associations. 

It is of interest that omissions in Task 
II appear to reflect the interference of 
Task I training more directly than any 
other type of error measure considered. 
The relative infrequency of Task I intru- 
sions is consistent with the results of 
verbal paired-associate experiments. In 
the A-B, A-C paradigm, Ss apparently 
inhibit the old responses rather easily, 
but this inhibition is not always followed 
by the immediate selection of a new re- 
sponse. It frequently results in a temp- 
orary blocking of any overt response. 

If this analysis is correct, one should 
expect the reaction time or latency, even 
of a correct response, to increase with in- 
creasing strength of incorrect competing 
responses. In Exp. III and IV, for 
example, if the latencies of all responses 
in Task II had been obtained, longer 
latencies of correct responses would be 
expected to those stimuli presented 20 
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times in Task I than to those presented 
only five times. 


SUMMARY 


Four experiments were conducted to study 
interference in the A-B, A-C design with motor 
paired-associate tasks. In Exp. I and II, an 
intra-S experimental design, with an A-B, D-C 
control condition, was devised in order to provide 
statistical control of warm-up and learning-to- 
learn. In Exp. I, 18 grammar school Ss were 
given preliminary training on a mbtor paired- 
associate task consisting of three S-R pairs. In 
the second (criterial) task, Ss were required to 
learn three new responses to these same stimuli, 
and three new responses to three additional stim- 
uli. The results, in terms of number of correct 
responses in each condition, showed significant 
interference for the A-C condition. In Exp. II, 
18 grammar school children were assigned to 
each of three experimental groups differing only 
in amount of Task I practice. It was found that 
the amount of interference on the A-C, relative 
to the D-C, condition was an increasing function 
of amount of Task I practice. 

Experimental control of nonspecific transfer 
was obtained in Exp. II] and IV. In Exp. III, 
30 grammar school children were required to 
learn to push the appropriate one of 12 available 
response buttons to each of six different stimuli. 
In Task I, they were given 5 presentations of two 
of the S-R pairs, 10 of another two, and 20 of the 
third two. In Task II, they were required to 
learn to push the appropriate one of the six but- 
tons not used in Task I to each of the same 
stimuli. Number of errors in Task II was found 
to increase with number of Task I presentations, 
although the differences were nonsignificant. 
An additional 30 Ss were used in Exp. IV which 
differed from Exp. III only in that a shorter 
anticipation interval was used. The findings of 
Exp. III were replicated in Exp. IV at a statis- 
tically significant level of confidence. 
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RECOGNITION OF NOVEL VISUAL CONFIGURATIONS 
WITH AND WITHOUT EYE MOVEMENTS! 


CRAIG M. MOONEY 
Defence Research Medical Laboratories, Toronto 


Earlier studies of perceptual clos- 
ure (4, 5,6) have shown that the pro- 
vision of ample viewing time with op- 
portunity for multiple visual fixations 
does not facilitate the recognition of 
incomplete representations of familiar 
objects ; such pictures are as effectively 
perceived with a single fixation, 
whether that fixation be brief or pro- 
longed. 

The finding is surprising in view of 
the depleted and enigmatic nature of 
the visual representations employed; 
one might have supposed that these 
called for visuo-neural redintegrative 
processes which are, according to 


theorists like Hebb (2), Lashley (3), 
and Gibson (1), essentially dependent 


on prosecutory eye movements. 

It is more difficult to test the con- 
tention—central in Hebb’s thinking, 
for example—that eye movements are 
essential for that perceptual learning 
whereby the unfamiliar object be- 
comes familiar enough to be perceived 
at a glance. Nevertheless, in view 
of the foregoing finding with enigmatic 
closure presentations, it is appropriate 
to raise the question: Are multiple 
visual fixations essential, or signifi- 
cantly superior to a single brief fixa- 
tion, in learning to recognize an un- 
familiar object? 

In any experimental studies ad- 
dressed to such a question, it will be 
necessary to specify the perceptual 
criterion—whether it shall be, for 
example, denomination of the object 
as a member of a class, or its identi- 
fication as a particular one of a set of 


'DRML Report No. 142-1, Project No. 
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objects, or its delineation or descrip- 
tion by recall, or its recognition as a 
particular object previously seen. 

As a simple beginning, and most 
directly to realize the intention of 
pitting the single glance against visual 
scanning, the last-mentioned method 
of recognition has been employed in 
the present study. Novel visual 
configurations have been displayed 
in ways designed to reveal whether 
their recognition on a second occasion 
of experience is significantly enhanced 
when their initial observation, on the 
first occasion of experience with them, 
entails eye movements rather than a 
single brief fixation. 


MetTHop 


Two kinds of test items were used, as shown 
in Fig. 1. These were contrived pragmatically 
to be amorphous (Type I), and structured (Type 
II). Both were produced in photographically 
positive and negative states on 35-mm. slides. 

The S sat to the right of a projecting appara- 
tus in a dark room viewing displays 2 ft. wide on 
a screen 6 ft. away. The S was instructed to 
look “hard” at each configuration as it was dis- 
played in order to be able to recognize it later. 
When the requisite items had each been shown 
once, S was told that they would be mixed in 
with a number of other items of the same kind 
which he had not seen before, and that he would 
be required to, identify each one as it was shown 
by saying “Yes” or “No”; that by “Yes” he 
would mean that it was one of the items he had 
originally seen, and by “‘No” that it was a new 
one he had not previously seen. “Yes” and 
“No” scores were then separately tallied. 

Four experiments were performed, utilizing 
experimentally naive adult soldiers as Ss in each. 
The basic procedure was to test Ss with different 
lots of items presented, respectively: (a) in the 
same spatial orientation and graphic (black- 
white) state in which they had first been shown; 
(d) in reversed orientation (left to right, or top to 
bottom) ; (c) in reversed state (blacks and whites 
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Fic. 1. Examples of Type I (amorphous) and 


Type II (structured) items. 


reversed); (d) in reversed orientation and state. 
Two contrasting exposure speeds were employed 
with each method of presentation: usually .04 
sec. and 10 sec. (In practice, achieving a left- 
to-right reversal in orientation simply required 
turning the upright slide around sideways from 
front to back in the projector; a top-to-bottom 
reversal in orientation, turning it over from front 
to back; a reversal in state, substituting a nega- 
tive slide for a positive one.) In Exp. I, Cond. 
a and b were utilized; in Exp. II, Cond. ¢ and @; 
and in Exp. III one set of Ss was tested under 
Cond. a, b, c, and d. Experiment IV was not 
exactly analogous to these, but dealt with re- 
lated questions. 


EXPERIMENT I 


to " ascertain 


The purpose was 
whether the recognition of novel con- 
figurations on a second occasion of 
experience with them depends upon 
the amount of viewing time afforded 


on the first occasion, under two test 
conditions: where they reappear in 
the same orientation as_ initially 
shown, and where they reappear in 
reversed (left-right) orientation. 


Method.—Three groups of 8 Ss were used. 
Each group was tested with two lots of items. 
Initial presentation of items and subsequent 
testing with them employed the same exposures ; 
these were, for the respective S-groups: .04 sec., 
1 sec., and 10 sec. Items in one lot were pre- 
sented for test in the same orientation in which 
they had first been shown; items in the second lot 
were presented for test in reversed (left-right) 
orientation to that in which they had first been 
shown. A lot consisted of 10 randomly as- 
signed Type I (key) items mixed with 20 similar 
ones. A factorial design was employed to bal- 
ance exposures, item lots, and sequence. 

Each S was shown the 10 (key) items one 
after the other, for the designated exposure, at 
about 5-sec. intervals, and was tested immedi- 
ately thereafter by being shown the 30 items, at 
the exposure and rate initially employed. The 
S’s scores, for each lot of itemis, were the number 
of correct “Yes” and “No” answers. 


Results —The findings are sum- 
marized in Table 1. Separate analy- 
ses of variance for the two categories 
of answers revealed no significant 
differences attributable to the differ- 
ent exposures used, nor to the left- 
right reversal in orientation. 


EXPERIMENT II 


The purpose was to ascertain 
whether the recognition of novel con- 
figurations on a second occasion of 
experience with them depends upon 
the amount of viewing time afforded 
on the first occasion, under two test 
conditions: where they reappear in 
their negative (black white) state in 
the same orientation as initially shown 
and where they reappear in their 
negative state reversed in (left-right) 
orientation. 


Method.—Three groups of 8 Ss were used. 
Items, exposures, and procedures were identical 
with those in Exp. I except that Ss were tested 
with all items in both lots presented as negative, 
that is, in reversed (black-white) state. 
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TABLE 1 


Recocnition oF Nover Conricurations Uncuancep in (Biack-Wurrte) State 
PRESENTED IN OriGINAL AND Reversep (Lert—Ricut) 
OrrENTATION aT DirreRent Exposures 








Exposure (Sec.) 





| 
Method of Presentation 
Initial Test 





Ss 





Original orientation; 04 04 
original state 1 1 


10 10 





54 | 145 | 67 
56 | 148 | 70 
| 75 








| 04 


Reversed orientation ; 
original state 





/ 
10 





66 
62 
57 














Results.—The findings are summar- 
ized in Table 2. The analyses of 
variance revealed that significant 
differences cannot be attributed to 
any of the factors. The differences 
associated with reversal in orientation 
and state are such as could occur by 
chance. 


ExpPeRIMENT III 


The purpose was to ascertain 
whether the recognition of novel con- 
figurations on a second occasion of 


experience with them depends upon 
the amount of viewing time afforded 
on the first occasion, under four test 
conditions: where they reappear in 
original and reversed (black-white) 
state, in, respectively, origina! and re- 
versed (left-right) orientation. 


Method.—Three groups of 16 Ss were used. 
With each group a different exposure was used. 
These exposures were, referring to initial and 
subsequent presentations, respectively: .04 sec. 
and .04 sec.; 5 sec. and .04 sec.; 5 sec. and 5 sec. 
Each S was tested with four lots of items, as 


TABLE 2 


Recocnition oF Novet Conricurations Reversep 1x (Biack-Wuire) State 
PreseNTED 1N OricinaL AND Reversep (Lert—Ricut) OrienTATION 
at Dirrerent Exposures 








Method of Presentation 





Exposure (Sec.) 
| 


Initial Test 


Items Correct Per Cent 


Ss 





O04 
1 
10 


Original orientation; 


| 

ay 
br 8 
| 10 








| 
| 
reversed state 
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Reversed orientation; 04 
reversed state 1 
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TABLE 3 


Recocnition or Novet Conricurations Presentep tn ORIGINAL 
anp Reversep (Biacx-Wauire) Strate anv (Lert—Ricut) 
OrrentaTion aT Dirrerent Exposures 








Exposure (Sec.) 
Method of Presentation 





Items 





Zz 
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Original orientation ; A 04 
original state 04 
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Reversed orientation ; : 04 
original state 04 








Original orientation; 
reversed state 








Reversed orientation; 
reversed state 
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follows: (a) with the key items in their original 
orientation and state; (b) with the items in 
reversed (left-right) orientation; (c) with the 
items in reversed (black-white) state; (d) with 
the items in reversed orientation and state. An 
item lot consisted of four randomly assigned 
Type II key items mixed with eight similar ones. 
Other procedures were the same as in the pre- 
ceding experiments. 


Results—The findings are sum- 
marized in Table 3. The analyses of 
variance revealed that differences at- 
tributable to the different exposures 
are not significant. Apart from this, 
performance is significantly depressed 
by (left-right) reversal in orientation, 
and by change from positive to nega- 
tive state, and these factors are inde- 
pendent of each other. It will be 
noted, by a comparison of Tables 1 
and 2 with the first and second halves 
of Table 3, that the findings in Exp. I 


and II are not at variance with the 
corresponding findings in Exp. III. 


EXPERIMENT IV 


The purpose was to ascertain 
whether the recognition of novel con- 
figurations on a second occasion of 
experience with them depends upon 
repeated single glances or continuous 
viewing time afforded on the first oc- 
casion, using structured and amorph- 
ous configurations, under two test 
conditions: where they reappear in 
their original orientation, and where 
they reappear upside down. 


Method—Two groups of 20 Ss were used. 
Each was tested with two lots of items—one lot 
being Type I, the other Type I]—with circular 
frames replacing the rectangular ones used in the 
earlier experiments. This entailed initially 
showing each item in one lot for 10 sec., and 
showing each item in the other lot 10 successive 
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* All test exposures were .04 sec. 


times (at exposures of .1 sec., at 1 sec. intervals) 
and subsequently testing by exposing items for 
.04 sec., in both lots. One group of Ss was 
tested with both lots of items presented in their 
original orientation; the other group was tested 
with both lots of items presented upside down. 
Other procedures were the same as in the pre- 
ceding experiments. 


Results —The findings are set out 
in Table 4. Significant differences 
cannot be attributed to the two meth- 
ods of initial presentation employed, 
nor to the two types of configurations 
used. There is a significant difference 
between the original and the upside- 
down presentation. 


Discussion 


The gist of the findings is that the sub- 
sequent recognizability of novel visual 
configurations immediately following the 
first occasion of experience with them is 
no greater when that occasion affords 
viewing time with opportunity for scan- 
ning eye movements than when it per- 
mits but a single glance. 

Recognition of configurations seen pre- 
viously was about 70% effective when 
they appeared in their original orienta- 
tion and state; and nonrecognition of 
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interspersed configurations not previ- 
ously shown was about 85% effective. 
Such levels of accomplishment are con- 
sistent with those found in earlier studies 
—Achilles; Lehmann; Seward; and Burtt 
and Dobell—as cited by Woodworth (7). 
The initial provision of lengthy viewing 
periods (1, 5, 10 sec.) or of a succession 
of brief glances (10 exposures of .1 sec. 
at l-sec. intervals) did not improve the 
level of subsequent recognition over that 
achieved with an initial glance of .04 sec. 

Performance declined significantly 
when the configurations were presented 
for recognition in reversed orientation 
and state. For example, of all configura- 
tions correctly recognized, 30% occurred 
under the condition where they were dis- 
played in their original orientation and 
state; 25% under the condition where 
they were reversed in either of these re- 
spects; and 20% where they were re- 
versed in both. In this latter condition, 
and also in the instance where configura- 
tions were turned upside down, perform- 
ance was at the chance level. These 
declinations were not related to the 
different modes of viewing initially 
provided. 

Subsumed in the experiments, through 
provision of amorphous and structured 





138 CRAIG M. 


configurations and their presentation in 
changed orientations and states, was the 
idea that, if the scanning method of ob- 
servation was doing any kind of mnemonic 
visual work by utilizing the elements and 
positions of the configurations (a labor 
presumably not so feasible in a single 
brief glance), this might be reflected in 
the results. 

The want of any such evidence, and the 
conclusion that the memories (as defined 
in these experiments) for novel configura- 
tions, consequent on the first occasion of 
experience with them, are effectually 
laid down with a single brief glance, sug- 
gests that the requisite learning is not of 
a kind that can be prosecuted with scan- 
ning eye movements. This may be be- 
cause the configurations, by virtue of in- 
dividual novelty and uniqueness, can- 
not be made familiar through associative, 
comparative processes of visual inspec- 
tion and cognitive annotation, but are 
notable only by virtue of their idiomatic 
“thing-ness,” for which the sufficient 


and, apparently, only possible “trace” is 
achieved with the single brief glance. 


SUMMARY 


Four experiments were addressed to the ques- 
tion of the superiority of scanning eye move- 
ments over a single brief glance in learning to 
recognize novel visual configurations. The cri- 
terion of perceptual learning was the recognition 
of configurations on a second occasion of experi- 
ence as ones that had been observed on the first 
occasion. Testing entailed showing “key” items 
intermixed with new items. 


MOONEY 


The experiments were designed to permit 
comparison between recognitions achieved with 
initial exposures of several seconds’ duration and 
those achieved with a single brief glance. Both 
amorphous and structured configurations were 
employed; and the key configurations were pre- 
sented for test in both original and reversed (left- 
right) orientations and original and reversed 
(black-white) graphic states. 

The findings revealed that no advantage 
accrued to visual inspection (viewing time with 
opportunity for multiple visual fixations) over 
the single brief glance (a single fixation of a 
fraction of a second) under any of the various 
experimental conditions. The findings suggest 
that the kind of perceptual learning entailed is 
not of a kind that can be prosecuted with eye 
movements, due presumably to the novel and 
idiomatic nature of the configurations. 
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A number of recent studies (1, 2, 
3, 4, 6) have employed a modified 
operant procedure in the conditioning 
of verbs of the past tense. The 
S is shown a card with six pronouns 
and a verb and is instructed to make 
up a sentence using the verb and one 
of the pronouns. After a free re- 
sponding period S is reinforced for 
using first-person pronouns in his 
sentences. It has been found that 
E’s saying “Good” is an effective 
reinforcer—i.e., the number of sen- 
tences starting with “I” or “We” 
increases with trials. 


The experiment most relevant to the present 
investigation is the one by Cohen, Kalish, 
Thurston, and Cohen (1). They had an 80- 
trial acquisition period with “Good” as the 
reinforcer, followed by 80 trials of extinction 
during which E said nothing. It was found 
that the frequency of first-person pronoun 
responses rose steadily throughout acquisition; 
however, during extinction the frequency of 
first-person pronouns did not drop, but rather 
remained at about the same level as at the end 
of acquisition. 


Cohen et al. noted that secondary 
reinforcement offers a possible ex- 
planation for the absence of extinc- 


tion. During extinction £ continued 
to record and present successive 
cards, and these events might have 
carried enough reinforcement prop- 
erties to maintain the previously 
acquired response. This hypothesis 


1This research was conducted while the 
writers were on the staff of Carter Memorial 
Hospital, Indianapolis. The writers acknowl- 
edge the considerable help of Herbert Gerjuoy. 


might be tested by preventing S from 
seeing E and having the cards pre- 
sented by an apparatus. However, 
to the writers’ knowledge such a 
study has not been conducted. 

There is an alternative explanation 
to the secondary reinforcement hy- 
pothesis. It should be noted that 
the reinforcer “Good” has no analogue 
in the infrahuman studies from which 
virtually all of the data on instru- 
mental conditioning and extinction 
have been obtained. It is possible 
that with human Ss a verbal rein- 
forcer during acquisition leads to an 
extremely slow decrement in response 
during extinction. This hypothesis 
might be tested by comparing extinc- 
tion after “Good” with extinction 
after a reinforcer that is more analo- 
gous to those used in infrahuman 
studies. The present study attempts 
to make this test, using the non- 
verbal reinforcers cigarettes and candy 
in opposition to the verbal reinforcer 


“Good.” 
METHOD 


Design.—All Ss were instructed to make up 
one sentence for each of 160 cards. Each 
sentence constituted a trial. In order to ascer- 
tain the operant level of responding with the 
pronouns I and We, the Ss received no rein- 
forcement for the first 20 trials. The £ re- 
corded each pronoun choice for these and all 
subsequent trials. 

The acquisition period consisted of Trials 
21-80. For Group I starting with Trial 21 the 
E said “Good” after every sentence containing 
I or We. For Group II E gave a poker chip 
after every sentence starting with I or We 
beginning with Trial 21. The chips were to 
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be turned in for cigarettes or candy. Chips were 
used both as a matter of convenience and in 
order to decrease any satiation effects. It is 
possible that chips alone would be reinforcing, 
cigarettes and candy being superfluous. There- 
fore a third group was added. For Group III 
E gave a poker chip for every sentence starting 
with I or We beginning with Trial 21. These 
chips were not to be exchanged for cigarettes 
or candy; they were merely returned to E at 
the end of the session. 

The extinction period, Trials 81-160, was 
the same for Ss in all groups. No reinforcement 
was given for any response during that period. 

Materials —The stimulus materials were 160 
3 X 5-in. white index cards. In the center of 
each card was a past-tense verb, and beneath 
each verb were six pronouns: I, We, He, She, 
You, They. The order of pronouns was varied 
randomly from card to card, and a different 
verb appeared on each card. 

Subjects —The Ss were 78 students from 
introductory psychology classes at Indiana 
University and 78 patients in a neuropsychiatric 
hospital. There were equal numbers of male 
and female Ss in both student and patient 
groups. The requirements for serving as S 
were reading competence and ability to follow 
the instructions. 

The 156 Ss were randomly assigned to three 
treatment groups of 52 Ss each, with the re- 
striction of equal numbers of male patients, 
female patients, male students and female 
students in each group. 

Procedure——The initial instructions for all 
Ss were as follows : “This is a study of how people 
make up sentences. I will show you a bunch of 
cards one at a time. Each card will have a 
word in the center and six words on a line 
underneath. What I want you to do is to make 
up one sentence for each card, using the word 
in the middle and one of the words on the line 
below. Try this one [S was given the sample 
card]. That’s fine. That’s what you will be 
doing throughout the whole experiment. Your 
sentences may be long or short, it doesn’t 
matter. You will not be timed, but there are 
a lot of cards to go through, so go as fast as you 
can. Do you have any questions?” 

The E answered questions by repeating the 
appropriate part of the instructions. The 
S was then given the stack of cards to flip 
himself. The £ used a code to record the S’s 
responses. 

The Ss in Group I received no further in- 
structions. The £ said “Good” in a monotone 
during Trials 21-80 after each sentence starting 
with I or We. If S questioned £’s response, 
he was told that no further questions would be 
answered. 
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After Trial 20 in Group II Ss were instructed : 
“Now sometimes you will get a chip after a 
sentence and sometimes you will not. When 
we are all through you may turn in your chips 
for cigarettes or candy, whichever you prefer. 
You may have one cigarette or one piece of 
candy for every three chips. In other words, 
the chips represent cigarettes and candy which 
I will give you as your reward for taking part 
in the experiment.” 

The cigarettes and candy were in plain 
view of Ss in this group. The E gave each S 
in this group one chip after each sentence in 
which he used I or We in Trials 21-80. 

The Ss in Group III were given the following 
instructions after Trial 20: “Now sometimes 
you will get a chip after a sentence and some- 
times you will not.” The E gave each S one 
chip after each I or We response in Trials 21-80. 
Neither cigarettes nor candy were in sight. 

After Trial 160 all Ss were questioned about 
the nature of the experiment. The E asked 
each S if he knew what the experiment was 
about. If he could answer correctly, he was 
excused. Otherwise he was questioned about 
whether he knew what the connection was 
between what he said and what E did (say 
“Good” or give chip). 


RESULTS 


Acquisition.—The acquisition data 


are plotted in Fig. 1. The initial 
block of 20 trials represents the free 
responding period. The differences 
among groups during the free respond- 
ing period appear to be small and 
random, and the absence of system- 
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Fic. 1. Acquisition and extinction of 
first-person pronoun responses. 
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atic effects was confirmed by an 
analysis of variance. 

The six acquisition curves in Fig. 1 
vary considerably in shape. The 
curves of both patients and college 
students in Group I (“Good”) 
rise steadily throughout acquisition. 
Similarly, the curves of both patients 
and college students in Group II 
(Cigarettes-Candy) have clearly posi- 
tive slopes. On the other hand the 
curves of both patients and college 
students in Group III (Chips alone) 
are relatively flat, indicating an 
absence of conditioning. 

An analysis of variance (5, modi- 
fied Type III) of the acquisition data 
is shown in Table 1. The significant 
Blocks X Groups effect confirms the 
trend seen in Fig. 1: the curves are 
significantly different in shape. The 
significant Groups effect merely adds 
that the curves also differ significantly 
in height. The significant Groups X 
Sex effect indicates that the difference 
between men and women in total 


141 


number of responses varied from group 
to group. 

Extinction—The extinction data 
are plotted in the right half of Fig. 1. 
The acquisition curves of Group III 
indicate that virtually no learning 
had occurred. Therefore the “extinc- 
tion” data of Group III could have 
little meaning, and they do not enter 
into the following analysis. 

Of the four remaining curves, one 
stands out. This is the Group II 
college curve, whose slope appears 
to be somewhat steeper than the 
slopes of the other three curves. 
In order to test differences among the 
extinction curves, an analysis of 
variance was performed on the ex- 
tinction data plus the last block of 
acquisition trials. The results are 
presented in Table 2. The F’s in 
the upper half of the table involve the 
height of the curves, and those in the 
bottom half involve the shape of the 
curves. 

Inspection of Table 2 reveals that 
the curves do not differ significantly 


TABLE 2 
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in height but there are significant 
differences in shape. The significant 
Blocks X Groups interaction indicates 
that the combined Group I curves 
are significantly flatter than the 
combined Group II curves. Since 
this comparison is not represented in 
Fig. 1, the patients’ and college 
students’ data within each group 
have been combined. The means 
for the last five blocks of trials are 
as follows: Group I—13.0, 11.8, 12.1, 
11.6, 11.6; and Group II—13.6, 10.8, 
10.6, 9.8, 9.9. These data demon- 
strate that the “Good” group ex- 
tinguished slower than the Cigarettes- 
Candy group. 

The significant Blocks K Popula- 
tions interaction involves combining 
patients’ data across groups and 
comparing them with the combined 
college students’ data. The means 
for the last five blocks of trials are: 
patients—13.3, 12.1, 12.2, 11.8, 11.8, 
and college students—13.2, 10.6, 10.5, 
9.6, 9.7. Thus the patients extin- 
guished significantly slower than the 
college students. 

The Blocks X Groups X Popula- 
tions interaction is not significant, 
which suggests that (a) Fig. 1 is 
deceptive and the extent to which the 
Group II college curve is different 


from the other three curves is merely 
random, or (b) extraneous variance 
is obscuring the underlying relation- 
ship. A possible source of systematic 
variance within groups was the speed 
of acquisition. A scatter plot of 
acquisition versus extinction slopes 
revealed a clear relationship: the 
steeper the acquisition slope, the 
steeper the extinction slope. 

Therefore, an analysis of covariance 
was performed on the slopes of the 
extinction curves, correcting for the 
slopes of the acquisition curves. The 
acquisition slopes were estimated from 
the first three blocks of trials and the 
extinction slopes from the last five 
blocks of trials. The results of the 
analysis of covariance are presented 
in Table 3. Since slopes were used, 
there is no Blocks of Trials effect. 
Thus, the Blocks X Groups effect 
of Table 2 becomes Groups effect; 
Blocks X Populations becomes Popu- 
lations effect; and Blocks X Groups 
X Populations becomes Groups 
X Populations. 

The Groups effect is not significant 
indicating that with acquisition slope 
controlled the Cigarettes-Candy group 
does not extinguish faster than the 
“Good” group. The Groups X Pop- 
ulations interaction was also non- 
significant, which confirms what the 
analysis of variance suggested: the 
differences in the shape of the four 
extinction curves in Fig. 1 are ran- 
dom. Thus, with statistical control 
of acquisition slope, only one signifi- 
cant effect remains. The Popula- 
tions variance is significant, indicating 
that college Ss extinguish significantly 
faster than psychiatric patients. 

Verbalization.—At the end of the 
experiment each S was queried about 
the task and the relationship between 
S’s responses and E£’s behavior. 
Some Ss were able to state that they 
were given chips (or E said ‘“‘Good’’) 
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whenever they used first-person pro- 
nouns; these were the verbalizers. 
Other Ss offered either mistaken 
explanations or none at all (non- 
verbalizers). Again, only the data 
of Groups I and II will be analyzed. 

The number of verbalizers in each 
group of 26 Ss was as follows: Group 
I, college—11; Group I, patient—6; 
Group II, college—22; and Group II, 
patient—l0. The larger number of 
verbalizers in the Cigarette-Candy 
groups should be regarded as an 
artifact. The Ss in these groups 
were told at the beginning of acquisi- 
tion that on some trials they would 
receive chips (to be turned in for 
cigarettes or candy). The Ss in the 
“Good” groups received no compara- 
ble instruction and therefore were 


less aware of the contingency between 
the reinforcement and their responses. 
The presence of more college verbal- 
izers than patient verbalizers may be 


attributed to the greater alertness and 
verbal ability of the students. In- 
terestingly, the presence of more 
college verbalizers did not lead to 
steeper acquisition curves by the 
college Ss (cf. Fig. 1). Similarly, the 
acquisition curves of Group II are not 
steeper than those of Group I, despite 
the larger number of verbalizers in 
Group II. 

However, when each of the four 
groups is divided into verbalizers and 
nonverbalizers, the picture changes. 
Table 4 contains the acquisition data 
relevant to verbalization. With col- 
lege Ss the trends in Group I and 
Group II arethesame. The frequency 
of first-person responses increases over 
blocks of trials for the verbalizers, but 
the nonverbalizers manifest virtually 
no learning. The same trend is pre- 
sent in Group II patients: verbalizers 
learn, and nonverbalizers donot. How- 
ever, the data of Group I patients are 
discrepant; here both verbalizers and 
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TABLE 4 


Mean Frequency or First-Person Responses 
Durinc AcqutsiTION FoR VERBALIZERS 
AND NONVERBALIZERS 
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Group I Group II 











nonverbalizers manifest learning. In 
fact the increment from the first 
block to the last block of trials is 
approximately the same for verbalizers 
and nonverbalizers. 


Discussion 


The extinction data yielded two major 
findings. First, with acquisition slope 
controlled Cigarettes-Candy did not 
yield faster extinction than “Good.” 
Second, with acquisition slope controlled 
college students extinguished  signifi- 
cantly faster than patients, regardless 
of the kind of reinforcement received 
during acquisition. This finding fits in 
with the generally accepted notion that 
psychiatric patients have more difficulty 
in unlearning and relearning. 

Previous studies of verbal conditioning 
and extinction have not used cigarettes 
or candy as a reinforcer. Therefore 
in attempting to integrate the present 
results with those of other studies only 
the data of the “Good” groups will be 
used. In order to facilitate comparisons, 
extinction data from the studies of 
Cohen et al. (1), Grossberg (2), and 
Klein (4) have been plotted in Fig. 2, 
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Fic. 2. First-person responses for last 20 


acquisition trials and extinction trials by Ss 
in various studies. 


together with the present extinction 
data. In this graph the initial point 
represents the last block of acquisition 
trials. 

In Fig. 2 three curves appear to cluster 
together, those of Cohen et al., Grossberg, 
and the present college group. The Ss 
in these three groups were all normals, 
Cohen’s being medical patients and 
Grossberg’s being college students. 
None of these three curves shows ap- 
preciable extinction, suggesting that for 
normal Ss “Good” leads to extremely 
slow extinction. 

The other two curves, Klein’s and 
that of the patients of the present study, 
start the extinction series at roughly the 
same height. Both groups consisted 
of psychiatric patients, and in fact 
many of Klein’s Ss were drawn from the 
same hospital as the present Ss. The 
similarity between the two curves ends 
at the initial point. Klein’s curve drops 
sharply, while that of the present study 
remains relatively flat. 

Klein’s curve is the only one in Fig. 2 
with a clearly negative slope; the others 
are relatively flat. A possible source 
of this discrepancy is speed of acquisition. 
In acquisition Klein’s Ss initially made 
6 first-person responses out of 20 and 
ended by making roughly 14 first-person 
responses out of 20. While they arrived 
at the same final point of acquisition 
as did the patient Ss of the present 
study, the patient Ss of the present 


study started by making roughly 9.5 
responses out of 20. Thus, Klein’s 
acquisition slope was somewhat steeper 
than that of the patients in the present 
study. In fact, Klein’s acquisition curve 
is steeper than the acquisition curves of 
the other four comparable groups. Since 
acquisition slope was found to be im- 
portant in the present experiment, it 
seems reasonable to attribute Klein’s 
steeper extinction curve to faster 
conditioning. 

Two explanations have been mentioned 
for the very slow extinction that usually 
follows “‘Good.”’ First, secondary rein- 
forcement is operating during extinction 
and serves to maintain the previously 
acquired response. Second, withholding 
a verbal reinforcer does not lead to a 
decrement in response strength such as 
found when a nonverbal reinforcer is 
withheld. The analysis outlined above 
suggests that a third explanation is more 
reasonable: the reinforcer ““Good’’ usu- 
ally leads to slow acquisition, and this 
slow acquisition in turn leads to slow 
extinction. 

A unique aspect of the experimental 
situation employed here is the role of 
E. The E delivers the reinforcement 
“Good,” and it seems likely that: dif- 
ferent E’s vary in their manner of saying 
“Good.” The vocal inflections and non- 
verbal behavior of E in this rather close 
interaction with § probably exert con- 
siderable influence on the latter’s learn- 
ing. Such variations in E’s behavior 
may account for the differences between 
Klein’s study and the others reviewed 
here. It would be interesting to deter- 
mine the effect of removing E from the 
situation and having the reinforcement 
“Good” delivered by a phonograph 
recording. 

The final issue raised by the present 
experiment concerns verbalization and 
learning. Again only the data of the 
“Good” groups will be discussed, since 
in the Cigarette-Candy groups verbali- 
zation was aided by the instructions. 
In this study 11 out of 26 college Ss 
verbalized, as did 6 out of 26 patient Ss. 
Grossberg (2) reported that 5 out of 15 
college Ss verbalized, but Klein (4) and 








Cohen et al. (1) both reported that 
virtually none of their Ss were aware of 
the responses that were being reinforced. 
The discrepancy in number of verbalizers 
is probably due to different questions 
being asked. Grossberg’s questions in- 
cluded “‘What was going on?”’, and in the 
present study each S was asked if he 
knew the connection between what he 
did and what E did. Such active inter- 
rogation undoubtedly uncovered more 
correct verbalizations than did the more 
circumspect questions employed by Klein 
and Cohen et al. Much has been made 
of verbal conditioning without aware- 
ness. Before an investigator concludes 
that he has demonstrated such condi- 
tioning, he should insure that his ques- 
tioning is rigorous enough to exclude the 
possibility that S did not understand 
what was being asked. 


SUMMARY 


This study investigated the effect of the 
reinforcers “Good,” Cigarettes-Candy, and 
Poker Chips on operant verbal conditioning 
and extinction. The task was to select one 
of six pronouns plus the verb on a 3 X 5-in. 
card and make up a sentence. Each card 
constituted a trial, and there were 20 free re- 
sponding trials, 60 acquisition trials, and 80 
extinction trials. A total of 156 Ss were used, 
including psychiatric patients and college 
students, men and women. 

It was found that Poker Chips were ineffec- 
tive as a reinforcer but that “Good” and Ciga- 
rettes-Candy were effective. Acquisition slope 
was found to be related to extinction slope. 
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With acquisition slope controlled statistically, 
it was found that college students extinguished 
significantly faster than psychiatric patients. 
The nonverbal reinforcer (Cigarettes-Candy ) 
did not yield significantly faster extinction than 
the verbal reinforcer (“Good”). The flatness 
of extinction curves in this and previous studies 
was attributed to slow acquisition. Finally, 
the relationship between awareness and learn- 
ing was found to be complex, depending in part 
on the population used and in part on the nature 
of the questions used to determine awareness. 
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MEANINGFULNESS OF MATERIAL, DISTRIBUTION OF 
PRACTICE, AND SERIAL-POSITION CURVES 


HARRY W. BRAUN anv SYDNEY P. HEYMANN 
University of Pittsburgh 


Of the various theories that have 
been advanced to explain the bow- 
shaped serial-position curves which 
are typical in seria! verbal learaing, the 
most elaborate and perhaps best sub- 
stantiated is that of Lepley (3) and 
Hull (2). According to this theory, 
remote forward associations (remote 
excitatory tendencies) are analogues 
of trace conditioned responses, and 
the remote forward associations be- 
tween items in a list are inhibited by 
a process comparable to inhibition of 
delay. Furthermore, the amount of 
inhibition at each serial position is 
proportional to the number of remote 
excitatory tendencies spanning that 
position. Since these tendencies are 
most numerous. in the middle of a 
series, inhibition is concentrated there 


and, consequently, the greatest num- 


ber of errors in learning. Following 
from this theory is the prediction that 
distributed practice, produced by 
lengtheiing interitem or intertrial 
interval, will result in a relative loss 
of inhibition, as manifested by a de- 
crease in errors at each position, with 
the greatest decrease in the central 
portion of the list. 

This prediction was tested by Hov- 
land (1) who had four groups of Ss 
learn the same list of 14 nonsense syl- 
lables under four practice conditions: 
(a) 2 sec. between items and 6 sec. 
between tiials, (b) 2-sec. rate and 2 
min. 6 sec. between trials, (c) 4-sec. 
rate and 6 sec. between trials, and (d) 
4-sec. rate and 2 min. 6 sec. between 
trials. Distributed practice resulted 
in fewer errors than massed practice, 
but interitem distribution was more 
effective than intertrial distribution. 


The effect of distributed practice was 
greatest in the middle of the series as 
predicted by inhibition theory. 

Recently, McCrary and Hunter (4) 
quesiioned the appropriateness of the 
inhibition theory to explain the serial- 
position effect. When they replotted 
Hovland’s curves in terms of percent- 
age of total errors at each position, the 
curves for the different conditions of 
learning were essentially similar. 
Thus, the reduction of errors by dis- 
tributed practice occurs throughout 
the list in proportion to the total errors 
and in the same manner as in massed 
practice. McCrary and Hunter then 
had Ss learn a list of 14 nonsense syl- 
lables and a list of 14 names familiar 
to the Ss. Curves of mean absolute 
errors at each position for both classes 
of materials were bow-shaped, but the 
gradient of serial-position effect for 
the nonsense syllables was steeper 
than that for the names. The curves 
of percentage plots, however, were not 
different. Similar results were ob- 
tained for mean errors and percentage 
plots when the curves for the fast and 
slow learners in that study were con- 
structed. Since these results were 
produced by the manipulation of 
meaningfulness of material and learn- 
ing ability of S and not by variation 
of interitem and intertrail intervals, 
McCrary and Hunter concluded that 
a multiple- rather than a single-factor 
theory is required to handle the bow- 
shaped curve of the serial-position 
effect. 

The purpose of the present experi- 
ment was to show how the systematic 
variation of meaningfulness of ma- 
terial and of interitem and intertrial 
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TABLE 1 
Means anv SD’s ror Eacn Group or Triats To Crirerion 
anp Totat Errors 1n LEARNING 
Trials to Criterion | Total Errors 
Group Meaning- Interitem Intertrial 
fulness Interval Interval | 
Mean | SD | Mean SD 

I High | 2 | ov | 19.83 | 9.37 | 128.33 60.29 
II High i 6” 7.83 2.48 | 37.17 14.80 
Ill High _ 2’6” 19.33 8.29 120.08 48.91 
IV High 4” new 8.25 2.89 41.67 14.86 
Vv Low SF itniaditd | ea 17.80 246.00 111.35 
VI Low 4" 6” 26.50 10.29 168.00 65.86 
Vil Low : 2’6" | 25.67 10.81 | 182.33 93.06 
VII Low 4” 2'6” 20.50 7.16 | 129.92 42.01 
en ee See i aula wre te = 








intervals affects both the absolute and 
relative distribution of serial-position 
errors. Although they varied famili- 
arity of material, McCrary and Hunter 
did not manipulate distribution of 
practice. Hovland varied distribu- 
tion of practice but not the associa- 
tion value of his nonsense syllables. 
The present study duplicated Hov- 
land’s conditions of massing and dis- 
tributing both items and trials with 
serial lists of high and low meaningful- 
ness. 


MetTHop 


This investigation utilized a 2 X 2 X 2 fac- 
torial design. The main experimental variables 
were: meaningfulness of material in two varia- 
tions—high and low; interitem interval in two 
conditions—2 sec. and 4 sec.; and intertrial 
interval in two conditions—6 sec. and 2 min. 6 
sec. Thus, there were 8 groups of 12 Ss each. 
All Ss were undergraduate men and women at 
the University of Pittsburgh and all were naive 
to the formal rote-learning situation. A random 
order of the eight experimental conditions 
(groups) was made up. The first 12 Ss were 
assigned to the first condition (group), the 
second 12 Ss to the second condition (group) and 
so on until all 96 Ss were run. It was necessary 
to impose a 2 hr. maximum on the learning 
period since it was impossible to detain unpaid 
volunteers longer. Two Ss in Group VII did 
not reach the criterion of learning in this time. 
Their trials-and-error scores were recorded as 
those which existed at the end of the 2-hr. period. 

The high- and low-meaningful lists of 12 items 





each were selected from Noble’s m-scale (5) and 
were constructed following his rule (6). The 
mean m-values of the lists were 7.85 (high) and 
1.29 (low). The high-m words were: captain, 
zebra, garment, dinner, village, money, insect, 
jewel, army, heaven, office, wagon. The low-m 
terms were: volvap, neglan, latuk, tarop, quipson, 
gokem, kupod, polef, zumap, nostaw, sagrole, 
bodkin. Material was presented on a Hull-type 
memory drum, the anticipation-pronunciation 
method was used, and a criterion of one perfect 
repetition prevailed. Each item appeared once 
in every ordinal position for each condition 
(group), but sequence remained invariant. 

Color naming was interpolated in the longer 
intertrial interval. A color chart which con- 
tained 30 small squares of five colors repeated in 
random order lay on the table in front of S. At 
a signal from £, S named these colors at a con- 
stant rate of about 1 sec. The E also signaled 
the end of the color naming. 


RESULTS 


Trials to criterion.—The mean trials 
to criterion and the SD’s of the eight 
distributions appear in Table}l. For 
both high- and low-meaningful lists, 
distribution of practice, effected by 
increasing either interitem or inter- 
trial intervals, was associated with 
fewer trials to learn. 

Absolute errors—Figure 1 shows 
mean errors by serial-position curves 
made by the four groups who learned 
the high-meaningful list. It is obvi- 
ous that interitem distribution is as- 
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the high-meaningful list. 


sociated with fewer errors. Further- 
more, with each of the interitem inter- 
vals, variation of the intertrial inter- 
val does not affect over-all perform- 
ance. In contrast with this neat state 
of affairs, the serial-position curves 
for the low-meaningful list show 
greater variability as demonstrated in 
Fig. 2. Again, however, it appears 
that interitem distribution results in 
more efficient learning. Especially 
noteworthy is the finding that with 
low-meaningful material the longer 
intertrial interval is related to superior 
performance over the shorter inter- 
trial interval of 6 sec. 

The means and SD’s of total errors 
for the eight groups appear in Table 1 








Fic. 2. 


Mean error serial-position curves for 
the low-meaningful list. 
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and the results of an analysis of vari- 
ance of absolute error scores in Table 
2. The main effects of meaningful- 
ness and interitem interval are sig- 
nificant beyond the .01 level, but 
intertrial interval is significant at ap- 
proximately only the .01 level. 
Again, Hovland’s (1) findings are 
confirmed. Serial position is, of 
course, a significant source of varia- 
tion as are the Serial Position and 
Meaningfulness interaction, the Serial 
Position and Interitem Interval inter- 
action, and the Serial Position and 
Groups interaction. None of the 
other simple or higher order interac- 
tions is significant. 

The use of t tests showed the same 
pattern of differences in absolute 
errors among the four high-m groups 
(I through IV) as in log trials to cri- 
terion. All comparisons of the four 
low-m groups (V through VIII) on 
absolute errors showed significant 


TABLE 2 


AnaLtysis oF VARIANCE oF Raw 
Errors tn LEARNING 




















Source af | MS F 
| 
Total 1151 | 
Between Ss 95 | 
Between groups | /7| 4876.85 | 12.762** 
Meaningfulness (m) 1 }19,900.12 | 52.077** 
Interitem interval 
1 }11,250.00 | 29.440** 
Intertrial interval 
T) 1} 1391.28 | 3.641 
mXI 1 191.75 — 
m XT 1} 1200.50} 3.142 
Ix T 1 183.68 — 
mXI1xT 1 20.60 — 
Ss within groups 88| 382.13 
Within Ss 1057 
Serial position (SP) 11} 1424.09 | 51.898** 
SP X m ll 121.88 | 4.441** 
SP x I ll 118.53 | 4.319** 
SP x T ll 34.00 | 1.239 
SP X Groups 77 51.70 | 1.884* 
Pooled triple 
interaction +4 21.87 | 
Residual 892 27.44 | 
*P< OS. 
= P< O1. 
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mean differences, except that of groups 
VI and VII. Thus, with both inter- 
trial intervals, lengthening of the in- 
teritem interval was associated with 
superior performance, but the most 
efficient learning in these four groups 
occurred under conditions of spaced 
interitem and _ intertrial intervals 
(Group VIII). 

Relative errors.—In plotting relative 
error curves, the procedure of Mc- 
Crary and Hunter (4) was used. 
Errors at each position were expressed 
as a percentage of the total errors 
made under a given practice condi- 
tion. The resulting curves for the 
four high-m groups appear in Fig. 3 
and those for the four low-m groups 
in Fig. 4. When plotted in this 
manner, the eight error curves mani- 
fest a striking similarity. Although 
the high-meaningful family of curves 
appears to be displaced above the low- 
meaningful family, differences among 
conditions of practice seem to be 


TABLE 3 


VARIANCE OF PERCENTAGES OF 
Totat Errors 
(Arc Sine Transformation) 


ANALYSIS OF 





Source df | MS F 














Total 1151 | 
Between Ss fh 
Between groups 7} 32.76 9.867** 
Meaningfulness (m) 1} 105.85 | 31.882** 
Interitem interval (I) 1; 60.59 | 18.250** 
Intertrial interval (T)| 1} 12.17 | 3.666 
mXI | | 24.91 | 7.503** 
mX T | 1} 14.62 | 4.404* 
Ix T |} 1} 581] 1.750 
mXI1XT 1; 5.36) 1.614 
Ss within groups | 88] 3.32 
Within Ss | 1057 | 
Serial position (SP) 11 |1468.82 | 63.97** 
SP X m | 11} 40.36} 1.76 
SP x I 11} 20.66 — 
SP x T } il 9.50 — 
SP X Groups 77| 20.51 —_ 
Pooled triple 

interaction 44| 18.26 
Residual | 892] 22.96 

*P = 05. 

=P = Ol. 
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Relative error serial-position curves 
for the high-meaningful list. 


minimal when relative errors at each 
position, rather than mean absolute 
errors, are plotted. 

The results of an analysis of vari- 
ance of percentage scores after an 
arc-sine transformation are shown in 
Table 3. The main effects of Mean- 
ingfulness and Interitem Interval are 
significant beyond the .01 level as is 
the Meaningfulness and Interitem 
Interval interaction. The Meaning- 
fulness and Intertrial Interval inter- 
action is significant at the .05 level. 
Serial Position is highly significant, 
but no other main effect or interac- 
tion is significant. 

When t tests are applied, the pattern 
of significance of differences among 








Fic, 4. Relative error serial-position curves 
for the low-meaningful list. 
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the eight groups with respect to rela- 
tive error scores is very similar to that 
of absolute errors. 


Discussion 


The data presented above on relative 
errors are interpreted as supporting the 
findings of McCrary and Hunter (4). 
The fact that none of the interactions 
involving Serial Position is significant is 
taken to indicate that the shapes of the 
eight relative error curves are essentially 
similar. Manipulation of meaningful- 
ness and of interitem interval may dis- 
place these curves upwards or downwards 
but it does not alter their form. It ap- 
pears, then, that some factor (or factors) 
other than lapses in time is operating to 
decrease the number of inhibitory tend- 
encies as predicted by the Lepley-Hull 
theory. 

The finding that interitem distribution 
is relatively more effective than inter- 
trial distribution in reducing errors in 
serial learning agrees with the results of 
Hovland (1) and Patten (7). Further- 
more, the generality of this finding is en- 
hanced in that it characterizes the learn- 
ing not only of nonsense syllables but also 
of terms drawn from another and differ- 
ently calibrated class of materials, i.e., 
Noble’s m-scale (5). It will be recalled 
that this study employed the same 
interitem and intertrial intervals as did 
Hovland. 

Tsao (8) has also investigated the rela- 
tionship between meaningfulness and dis- 
tribution of practice in serial verbal 
learning; but because of procedural 
differences, a direct comparison of his 
study and this one is not possible. He 
showed that the learning of a list of high- 
association-value nonsense syllables was 
superior to the learning of a list of low- 
value syllables under both massed prac- 
tice (continuous exposure of the items at 
a 2-sec. rate) and distributed practice 
(1 min. between trials). All differences 
due to spacing with low-value syllables 
were significant, whereas none of the 
differences with the high-meaningful list 
was significant. 

The finding that meaningfulness does 
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not interact with either interitem or 
intertrial interval (in the analysis of raw 
error scores) is consistent with a similar 
result obtained by Underwood and Rich- 
ardson (9) who used nonsense syllables 
which varied in association value. 


SUMMARY 


This study was concerned with the relation- 
ship between meaningfulness of material, dis- 
tribution of practice, and serial-position curves. 
High- and low-meaningful terms selected from 
Noble’s m-scale were learned by the serial antici- 
pation method with interitem intervals of 2 sec. 
and 4 sec. and intertrial intervals of 6 sec. and 
2 min. 6 sec. Data were presented on trials 
to the criterion of learning, mean error serial- 
position curves, and relative (percentage) error 
serial-position curves. Meaningfulness and in- 
teritem interval were significant main effects in 
the three analyses. The data on relative errors 
were discussed in terms of their bearing on the 
Lepley-Hull theory of inhibition of delay. 
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ACQUISITION AND EXTINCTION OF A PARTIALLY 
REINFORCED RUNNING RESPONSE AT A 
24-HOUR INTERTRIAL INTERVAL! 


SOLOMON WEINSTOCK # 
Indiana University 


In order to account for the gross 
facts of acquisition and extinction, 
learning theorists have typically as- 
sumed that reinforced trials lead to 
increments and nonreinforced trials 
to decrements in habit “strength.” 
One might intuitively expect that 
the larger the proportion of reinforced 
trials during acquisition the stronger 
the habit. This relationship, oddly 
enough, has been derived explicitly 
by only Bush and Mosteller (3, p. 89) 
for their linear operator learning 
model. Their model, as applied to 
the present situation, is mathemati- 
cally identical with the models result- 
ing from statistical learning theory 
(5, 6). Presumably a similar pre- 
diction may be obtained from Hullian 
theories. The present experiment is 
directed at testing this prediction. 

In making a direct application of 
statistical learning theory to the 
runway situation, certain simplifying 
assumptions have to be introduced. 
This is equally true of Hullian theory 
and it would seem that Hull (8), at 
least implicitly, made these simpli- 
fications. For example, what would 
appear to be a chain of responses 
is treated as a single response. Fur- 
ther, the successive changes in stimu- 
lation are ignored and the stimulation 


1 This paper is based on a Ph.D. thesis sub- 
mitted to the Graduate School of Indiana 
University. The writer is very much indebted 
to W. K. Estes under whose direction the 
research was done. An abbreviated version 
of the present paper was given at the 1955 
meeting of the Midwestern Psychological Asso- 
ciation. 

3 Now at Lehigh University. 


is treated as a single stimulus event. 
The advantage in making these as- 
sumptions is that it is then possible 
to carry over to the runway a body 
of theory developed for classical 
conditioning and other similar situa- 
tions. The price to be paid is the 
introduction of another source of 
possible theoretical error. Failure to 
verify theoretical predictions may 
now be due to the inadequacy of 
either the underlying theory or the 
simplifying assumptions. 


A pilot study (14) for the present experiment, 
carried out in a runway and using a 24hr. 
intertrial interval, yielded two major results: 
(a) an irregular ordering and no differences 
among terminal acquisition levels of groups 
receiving different proportions of reinforcement, 
and (b) slower extinction of the groups which 
received smaller proportions of reinforcement. 
As trials were very widely spaced, the extinction 
result was regarded as running counter to the 
expectations of the Hull-Sheffield hypothesis 
(12). The present study provides a further 
check on this result. The result of no differ- 
ences in terminal acquisition levels is equivocal 
since the design of the pilot study did not allow 
the detection of small differences between 
groups. Use was made of the variance estimates 
from the pilot study to effect an increase in 
sensitivity through proper choice of the number 
of Ss per group. In addition, further sensitivity 
was obtained through an extension of the range 
of the proportion of reinforcement variable. 


The present experiment, then, was 
designed to explore parametrically 
the relationship between proportion 
of reinforcement and terminal acquisi- 
tion level and to provide a statistically 
sensitive test of the presumed terminal 
differences between groups. It was 
also designed to differentiate between 
the discrimination model proposed by 
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Bush and Mosteller (2) and one pro- 
posed by the writer (13), which differ 
mathematically only in Bush and 
Mosteller’s use of a “discrimination 
operator.” 


MetTHOoD 


Subjects —The Ss were 253 female albino 
rats, 90-120 days old at the start of the experi- 
ment. They were supplied by the Windsor 
Biological Gardens of Bloomington, Indiana, in 
one shipment. The Ss were assigned hap- 
hazardly to cages, five or six to a cage. 

A pparatus.—An enclosed runway was formed 
by blocking off the left arm of a Y maze. The 
runway was 4 in. high and 4} in. wide through- 
out. The starting box was 8 in. long. The 
running alley was 24 in. long and the arm of the 
Y which was used as a goal box was 18 in. long. 
The angle between the stein and arm of the Y 
was 30°. The runway was painted a flat gray 
and covered with hinge-mounted Plexiglas 
sections. 

A 60-w. incandescent bulb was mounted 
in a diffusing globe 24 ft. above the runway at a 
point directly above the juncture of the stem 
and the arm of the Y. Cheesecloth was draped 
2 ft. above the runway in varying numbers of 
layers to provide an illumination level of ap- 
proximately 2 ft.-candles throughout the 
runway. 

A slot 2} in. wide and 2 in. high was cut in 
the right side wall at the end of the arm of the 
Y and permitted access to a recessed drinking 
tube similar to those used in the regular watering 
periods. A flat gray slide could be inserted to 
prevent access to the drinking tube. 

The starting box was separated from the 
running alley by a Plexiglas door which opened 
through a slot in the right wall. A sheet-metal 
door, painted flat gray, also opened through a 
slot in the right wall and separated the running 
alley from the arm of the Y. 

Slots were cut in the side walls to permit the 
passage of light beams. The slots were placed 
6, 18, and 30 in. from the starting box door. 
Three Standard Electric .Ol-sec. timers were 
activated when the starting box door was opened 
and deactivated by photocells when the 
appropriate light beam was interrupted. 

The light source over the runway was acti- 
vated when the lid of the starting box was closed 
and deactivated when the lid of the goal box 
was opened. When desired, a motor-driven 
commutator could be inserted into the light 
circuit to provide flicker at the rate of two on-off 
cycles per second. 

The experiment was run in a lightproof 
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room, separated from the animal colony by a 
curtain. A large exhaust fan in the animal 
colony ran continuously and provided a masking 
noise. Temperature in the colony room was 
maintained at 74° F. through the use of heating 
and cooling systems which were set to return 
the temperature to 74° when it deviated by a 
degree or more. 

Procedure—One continuously reinforced 
group, five partially reinforced groups, and 
five discrimination groups were run. The Ss 
were assigned randomly to groups. Reinforce- 
ments were assigned randomly by blocks of 
12 trials so that the partially reinforced and 
discrimination groups received 10, 8, 6, 4, or 2 
reinforcements per block of trials. The groups 
are referred to as Groups 12-0, 10-2, 8-4, 6-6, 
4-8, or 2-10 according to the number of rein- 
forced and nonreinforced trials in each block. 
Each of the continuously and partially rein- 
forced groups received the same stimulation 
throughout the experiment, half receiving 
flicker and the other half receiving continuous 
illumination. Stimulation was correlated with 
reinforcement for the discrimination groups, 
half of each group receiving flicker and the other 
half receiving continuous illumination on 
reinforced trials. 

The Ss were run under 22-hr. water depriva- 
tion at an intertrial interval of 24 hr. On 
reinforced trials, Ss had 30 sec. access to the 
drinking tube in the arm of the Y which served 
as a goal box. On nonreinforced trials, during 
both acquisition and extinction, Ss spent 30 
sec. in the goal box prior to removal. The Ss 
were given unrestricted access to water for 
1} hr. beginning } hr. after the completion of 
their run. 

The Ss were run in the same order each day. 
Just before its run, each S was removed from 
the home cage and brought into the darkened 
experimental room. She was then put in the 
starting box facing the starting box door. When 
the starting box lid was lowered, the stimulation 
S was to receive came on. Three seconds 
later E opened the starting box door, automati- 
cally starting the three timers. After interrup- 
tion of the last photocell beam, a stop watch 
was started and the goal box door was closed. 
During the 30-sec. period S spent in the goal 
box, E recorded the readings on the three 
timers and reset the apparatus and clocks. 
When S was removed from the goal box, the 
illumination was automatically discontinued. 
The S was then returned to its home cage. As 
E returned S to its home cage, he set up the 
reinforcement and illumination conditions for 
the next S and reopened the door to the goal 
box. 

The Ss were put on their watering schedules 








ACQUISITION AND EXTINCTION 


one week prior to the beginning of the experi- 
ment and received access to water 14 hr. daily. 
Each S was given 3-4 min. of gentling twice 
during the week preceding the experiment in 
addition to gentling during the assignment to 
cages and marking of the Ss. 

Continuous reinforcement was given to all 
groups for the first block of 12 trials. Inter- 
trial intervals were greater than 24 hr. for 
Trials 2 through 5 because of slow running of 
Ss. From Trial 5 to the end of the experiment 
it was possible to complete the daily session 
within 8 hr. On Trials 1 and 2 Ss were given 
20 min., and on Trials 3 through 12 they were 
given 5 min. to complete a run, and the same 
amount of time within which to begin drinking. 
Eight of the initial 253 Ss were discarded for 
exceeding these limits more than once in the 
first 12 trials. On Trials 13 through 108, Ss 
were reinforced according to the groups to which 
they had been assigned. A 2-min. period had 
been fixed for the completion of a run but no 
S had to be removed from the apparatus for 
exceeding this limit. On Trials 109 through 
169 all Ss received extinction, the discrimination 
Ss receiving the same stimulation as they had 
received on reinforced trials during acquisition. 
A time limit of 5 min. was fixed for completion 
of a run during extinction but no S had to be 
removed from the apparatus for exceeding this 
limit. From Trials 13 through 169, Ss were 
discarded only if they were completely unable 
to run owing to such factors as severe inner ear 
disease, paralysis, or an advanced stage of a 
neoplasm. Nine Ss died or were discarded 
during acquisition and an additional 10 died 
during extinction. 

It was desired to run all groups to asymptote 
during acquisition and extinction but, due to 
lack of advance information, no fixed number 
of trials could be built into the design of the 
experiment. A compromise solution was 
adopted. The decision to begin extinction was 
made on the basis of the first 72 trials at the 
end of which the groups appeared to have 
leveled off. Three additional blocks of 12 trials 
were to be run and statistical analyses for 
asymptotic behavior were to be made on the 
last 24 trials regardless of the nature of the 
data collected. A similar decision was made for 
extinction. On the basis of the first 30 trials 
it was decided to run another 30 trials and 
base asymptotic analyses on the last 20 trials. 


RESULTS 


The latency and the two running- 
time measures yielded the same results 
and only those for the latency meas- 
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ure will be presented. To satisfy the 
requirement of homogeneity of vari- 
ance in the analysis of variance, this 
measure was converted to reciprocal 
latency throughout. 

Discrimination.—The mean recip- 
rocal latency for each S in the dis- 
crimination groups on nonreinforced 
trials was subtracted from the mean 
reciprocal latency for reinforced trials 
for the blocks of trials from 85 to 
108. If Ss had formed a discrimina- 
tion, this difference would have been 
positive. The mean of this measure 
for all five discrimination groups was 
equal to —0.01, indicating slightly 
more rapid running on nonreinforced 
than on reinforced trials. By analy- 
sis of variance the grand mean was 
found to be not significantly different 
from zero, while the differences among 
groups were also not significant at the 
5% level. 

Thus it is clear that the groups did 
not form a discrimination. They 
were not significantly different from 
the partially reinforced groups in all 
analyses of variance. Hence, in the 
later analyses each discrimination 
group was pooled with the partial 
reinforcement group receiving the 
Same proportion of reinforcement. 
The pooling led to no changes in any 
of the statistical decisions made and 
was done exclusively to obtain more 
smoothness in the acquisition and 
extinction curves. 

Acquisition—In all analyses of 
variance for both acquisition and 
extinction the differences due to 
flicker and continuous illumination 
were not significant. Hence, the two 


halves of each group receiving dif- 
ferent illumination were pooled for 
simple analyses of variance. 

In Fig. 1 mean reciprocal latency 
is plotted by blocks of 6 trials from 
Trial 14 to the end of acquisition. 
The two groups receiving the smallest 
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Fic. 1. Mean reciprocal latency as a func- 
tion of trials by blocks of six for the acquisition 
phase of the experiment. 


proportions of reinforcement ran most 
slowly for the first two blocks of 6 
trials. An analysis of variance was 
made for the mean reciprocal latency 
for each S for Trials 14-25. The 
differences between groups are sig- 
nificant at the 5% level. Bartlett’s 
test showed that the hypothesis of 
homogeneous variance could not be 
rejected. Hence, the differences are 
to be attributed to the differences 
between group means. 

From Fig. 1 it may also be seen 
that Groups 12-0 and 10-2 ran most 
slowly for approximately the last 
50 trials of acquisition. An analysis 
of variance for Trials 89-109 yielded 
differences between groups significant 
beyond the 1% level. The group 
means are presented in Table 1. 
Again Bartlett’s test failed to 
reject the hypothesis of homogeneous 
variance. 

A test for trend across the last two 
blocks of trials was made. The mean 
reciprocal latency for each S for the 
block of Trials 86-97 was subtracted 
from the corresponding mean for 
Trials 98-109. The mean difference 
here was —0.02, indicating slower 
running in the last block of trials. 
The F due to the mean difference 
was significant at the 5% level. The 


?’s for individual groups were not 
significant at the 5% level with the 
exception of Group 6-6 for which t 
was negative and significant at the 
5% level. On the basis of this 
analysis and the forms of the curves 
in Fig. 1, it seems reasonable to 
assume that the groups were close 
to their asymptotic speeds. 

Extinction —Figure 2 shows that 
extinctien proceeded in an orderly 
fashion with the smallest proportion 
of reinforcement groups extinguishing 
most slowly. Further, the groups 
appear to have leveled off during the 
last 20 extinction trials at different 
terminal levels. The 12-0 curve 
shows an unexpected upward trend 
after approximately the twentieth 
extinction trial. Apart from initial 
crossing-over of curves, attributable 
to different terminal acquisition levels, 
the only cross-overs that occur are 
between groups representing adjacent 
proportions of reinforcement. 

The 60 extinction trials were di- 
vided into three blocks of 20 trials 
and mean reciprocal latency was 
computed for each S for each of the 
blocks. In addition, a mean recip- 
rocal latency was taken for all 60 
trials for each S. Four analyses of 
variance yielded F’s due to the pro- 
portion of reinforcement variable 





Fic 2. Mean reciprocal latency as a function 
of trials by blocks of five for the extinction phase 
of the experiment. 
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which were significant beyond the 
1% level. However, Bartlett’s test 
rejected the hypothesis of homoge- 
neous variance except for the analysis 
for Trials 150-169. Hence, an un- 
equivocal statement relating the sig- 
nificant F’s to differences in group 
means rather than group variances 
cannot be made. 

A modified t¢ test proposed by 
Cochran and Cox and described by 
Edwards (4) was used to compare 
the two a priori extreme groups for 
each of the analyses and in all cases 
yielded a ¢ significant beyond the 
1% level. , 

Further, according to an empirical 
statistical study by Norton cited in 
Lindquist (10), the fact of non- 
homogeneous variance should but 
slightly affect the conclusions to be 
drawn from an F test with respect 
to differences between group means 
under conditions which seem to be 
met by the present data. These 
considerations, coupled with the large 
mean differences observed, lead the 
writer to conclude that the significant 
F’s may be attributed to differences 
both in group means and in group 
variances. 

Since Groups 12-0 and 10-2 ran 
most slowly during acquisition and 
extinguished most rapidly, an analysis 
of covariance was run on the mean 
reciprocal latencies for each S for the 
60 extinction trials with the mean 
reciprocal latency for Trials 86-109 
as the control variable. The F’s for 
the adjusted means are still significant 
beyond the 1% level. 

A trend test was made for the last 
two blocks of 10 extinction trials. 
The statistical test was the same as 
that on the last two blocks of acquisi- 
tion trials. The F for the grand 
mean of the differences between the 
two blocks was not significant at the 
5% level. Since there is an inde- 
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TABLE 1 


Inrr1au (Lo) anb Asymptotic (L.) LaTenctes 
AND Store Constants (c) in Extincrion 
as A Function oF Proportion 
or REINFORCEMENT 





on : | % l 
Group | Lo(Lss-109) | LoL rse-t00) | rs 





1.57 
1.64 
1.92 
1.84 
2.26 
2.16 


-138 (.24) 
.072 


.056 
039 
050 
029 


NMNNNY 


oom Nn 
ANS NWO 


nm 


* The value .24 is obtained for ¢ when the last 10 
extinction trials are taken as asymptotic. This leads 
to a particularly poor fit for Group 12-0. A more 
sensible slope constant is obtained by neglecting the 
upward swing in the curve for Group 12-0 and by 
considering only the first 30 extinction trials. When 
this is done, under the assumption that Trials 21-30 
are representative of asymptote, a value of .138 is 





pendent interest in Group 12-0, a t 
test for that group indicated a sig- 
nificant trend (P = .05); the Ss ran 
more rapidly in the last 10 trials. 

This series of statistical tests indi- 
cates that there are differences be- 
tween groups during early, middle, 
and late extinction and that the 
groups level off at different extinction 
asymptotes as a function of propor- 
tion of reinforcement. The question 
arises whether the extinction differ- 
ences are due not only to differing 
extinction asymptotes but also to 
differing rates, or slopes, of the ex- 
tinction process. A crude answer to 
this question can be obtained by 
fitting a decay function 


L,=L.—(Le—Lde@ [1] 


to each group’s extinction data by a 
least-squares criterion and getting an 
estimate for the slope constant c. 
In making the estimates, the value 
of the latency at the beginning of 
extinction, Lo, was taken as the mean 
for the last 24 acquisition trials and 
the asymptotic latency value, L., was 
taken as the mean of the last 10 
extinction trials. The values of c¢ 
obtained are presented in Table 1, 
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from which it may be seen that, with 
one exception, the slope constants are 
related in an orderly way to propor- 
tion of reinforcement. Good fits to 
the data were.obtained except in the 
case of Group 12-0 whose extinction 
curve appears to be U_ shaped. 


Estimation of a slope constant for 
each S, so that statistical tests may 
be used to determine the significance 
of the obtained differences, did not 
seem warranted by the present tenta- 
tive state of extinction theory. 


DiscussiIon 


The failure to obtain evidence of 
discrimination makes impossible any 
evaluation of the need for a theoretical 
“discrimination operator’ under the 
present conditions. Animals run under 
conditions of 10 trials per day at ap- 
proximately a 5-min. intertrial interval 
using the same discriminatory stimuli 
showed clear evidence of having formed 
the discrimination (13). This leads 
one to suspect that, at least for runway 
discrimination situations, trial spacing 
is a key variable. 

The extinction data replicate those 
of the pilot study (14) to the extent 
of providing an orderly family of extinc- 
tion curves with the smaller proportion 
of reinforcement groups extinguishing 
most slowly. Along with the apparent 
differences in the slopes of the extinction 
curves, there are two features of theo- 
retical interest: the differences in ter- 
minal extinction levels and the upswing 
in the Group 12-0 extinction curve. 
Neither of these two results seems 
amenable to treatment by contemporary 
theories of extinction. 

The acquisition data provide a con- 
firmation of the relationship found by 
Notterman (11) to hold between propor- 
tion of reinforcement and_ terminal 
acquisition level. Notterman’s study 
was primarily concerned with the prob- 
lem of secondary reinforcement and 
left doubt about whether the continuous 
reinforcement group, which received 
fewer total trials than the partial groups, 
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had reached asymptotic responding. 
In addition, there were a number of 
potentially confounding variables which 
rendered difficult clear attribution of 
the group differences to the proportion 
of reinforcement variable. The present 
data, while in a sense little more than a 
confirmation of Notterman’s finding, 
do not appear to suffer from these 
difficulties. 

While the differences between terminal 
acquisition levels are clear, it should be 
remembered that a statistically powerful 
design was required to detect them. 
The obtained differences are of the order 
of 10 to 15% and are not nearly as great 
as the extinction differences. A theory 
which predicts equal asymptotes for 
groups receiving different proportions of 
reinforcement would, therefore, provide 
a good first-order approximation to the 
data. 

It has already been noted that in 
order to handle the runway situation 
theoretically, the simplification of re- 
garding it as a single-stimulus, single- 
response situation has been adopted; 
i.e., the sequential and multiple nature 
of the stimuli and responses has been 
ignored. It is the view of the writer 
that the simplification is inadequate 
and that, therefore, judgment must be 
withheld on the adequacy of contempor- 
ary learning theories which predict the 
opposite of the present acquisition 
results. 

Consideration of the runway as a 
sequence of responses where rigid con- 
straint is imposed only on the last 
member of the sequence leads us to 
examine other experimental situations 
of the same type. When this is done 
it is recalled that many Ss in the Guthrie 
and Horton (7) study showed response 
chain components which were not func- 
tional in obtaining release from the 
apparatus. For example, they report 
that one cat consistently touched the 
wall before moving the pole to obtain 
release. According to them, many of 
the responses that occurred in the 
response sequence on early trials, whether 
functional or not, remained in the 
response chain that became stable. 
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This raises the general problem of what 
happens to what may be called “ac- 
cessory, nonfunctional movements” in a 
response sequence which leads to ter- 
minal reinforcement. The Guthrie and 
Horton study would lead one to expect 
that a reasonable number of the ac- 
cessory, nonfunctional movements re- 
main in the chain if reinforcement is 
given on every trial. The same con- 
clusion follows from various reports of 
“superstitious” behavior. 

The implication of the above analysis 
for the interpretation of the present 
acquisition data is that nonreinforced 
trials provide an opportunity for ac- 
cessory, nonfunctional movements to 
drop out and thus enable the partial 
reinforcement groups to achieve faster 
running levels. That interspersed non- 
reinforced trials may serve to filter out 
accessory, nonfunctional movements is 
implied by a study by Antonitis (1) 
in which rats ran across an open area 
and poked their noses into a slot which 
ran the length of one wall to get rein- 
forcement at the opposite end of the 
apparatus. Antonitis measured the 


variability in the terminal response dur- 
ing acquisition, extinction, and reacquisi- 
tion and found a considerable decrease 
in reacquisition as compared with acqui- 


sition. The implication here is that 
a decrease in variability in terminal 
position reflects a decrease in the over-all 
path taken and may be attributed to 
the elimination of accessory, nonfunc- 
tional movements from the response 
sequence. A number of “mechanisms” 
are available to account for the “purifi- 
cation” of the response sequence; how- 
ever, at this time it is unclear which 
of them are operating in the runway 
situation. A similar explanation is pre- 
sented by Lauer and Estes (9) to account 
for the smaller asymptotic latencies 
they obtained with successive acquisi- 
tions and extinctions in a jumping 
situation. 

One further point concerning the 
acquisition data is worth noting: namely, 
that in the early trials the speed of 
running is directly related to proportion 
of reinforcement. The change in the 
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nature of the relationship from early 
to late acquisition implies that variable 
parameters will be required in the 
theoretical learning functions used to 
describe the partial reinforcement 
learning curves. 


SUMMARY 


The present study was designed to detect 
anticipated small differences in acquisition 
asymptotes of groups receiving varying 
proportions of reinforcement. 

Rats (N = 253) were run in an enclosed 
runway at a trial spacing of 24 hr. They were 
run under 22-hr. water deprivation and received 
30 sec. access to a water tube on reinforced 
trials. They remained in the goal box for 30 
sec. on nonreinforced trials. Six proportions 
of reinforcement were randomly assigned by 
blocks of 12 trials: 12-0, 10-2, 8-4, 6-6, 48, 
and 2-10. There were 109 acquisition trials 
and 60 extinction trials. 

The major experimental finding is that 
Groups 12-0 and 10-2 ran most slowly in the 
last two blocks of 12 acquisition trials. In 
extinction, an orderly family of curves was 
obtained with the groups with smaller propor- 
tions of reinforcement showing both smaller 
slopes and higher terminal extinction asymp- 
totes. The theoretical significance of the 
results was briefly discussed. 
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Many problems are encountered in 
trying to interpret the results of ex- 
periments concerned with measuring 
the effects of stressful environments 
on performance. Of these problems, 
the one most difficult to resolve is that 
which deals with the role played by 
motivation in such experiments. 
This same obstacle is encountered 
when one tries to extend basic psycho- 
logical theory to account for complex 
human behavior. The close similar- 


ity of these two problem areas indi- 
cates that an appreciable theoretical 
as well as methodological gain would 
accrue from a successful attack on 
the more basic of the two questions, 
i.e., the role of motivation in complex 


human behavior. 

A number of recent psychological 
investigations have been concerned 
with the use of a psychological test, 
the Manifest Anxiety Scale (6, 7), as 
a means of assessing the general moti- 
vational level of the individual. The 
Manifest Anxiety Scale (MAS) was 
devised originally, and is now being 
used, because it was felt, first of all, 
that the test provided a measure of 
the individual’s “built-in level of 
anxiety,” and second, that this gen- 
eralized level of anxiety should be 
related to the individual’s drive level. 

In the typical study involving the 
use of the MAS, E selects two groups 
of Ss—one group scoring high and one 
scoring low on the test Having thus 
constituted his groups, E requires Ss 
to perform, for example, a verbal 

1The main findings of this experiment were 


presented at the 1957 meeting of the American 
Psychological Association. 


learning task. On the basis of his 
particular theoretical oriertation, he 
then predicts the relative performance 
levels which the two groups would ex- 
hibit had they differed with respect to 
drive level. If the high-anxious 
group behaves in the same manner as 
the hypothetical high-drive group 
would behave, and the low-anxious 
group behaves as would the low-drive 
group, E assumes that he has con- 
firmed the hypothesis that drive level 
has some specified effect on perform- 
ance. 

Within the framework of the Hull- 
ian behavior theory, anxiety is as- 
signed the role of an irrelevant drive. 
Since in the Hullian theory effective 
drive is a generalized concept, if all 
other factors are held constant, the 
level of drive should determine the 
level of performance in a given situ- 
ation, and this should be true without 
regard to the source of any irrelevant 
drives present. 

Thus, if one were to duplicate an 
experiment which involved the use of 
the Manifest Anxiety Scale, but were 
to induce the differences in drive 
level through the introduction of a 
stressful stimulus, one should be able 
to repeat the essential aspects of the 
results of that MAS study. 


Ramond (1) carried out a study in which two 
groups of Ss, which differed with respect to anxi- 
ety level, were required to learn a list of verbal, 
stimulus-response relationships. These rela- 
tionships may be characterized in terms of three 
factors: (a) Some of the relationships involved 
initially strong associations, and some involved 
initially weak associations; (b) the strong- and 
weak-association responses were in competition 
with each other; and (c) the weak-association 
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relationships involved learning to respond with 
a word which was unrelated to the stimulus in 
preference to a second possible response which 
was a synonym of that stimulus. 

On the assumption that the MAS score was 
indicative of the S’s drive level, Ramond pre- 
dicted that the anxious Ss would be superior on 
the strong-association items, but would be in- 
ferior on the weak-association items. He based 
his prediction on the fact that the higher drive 
level of the anxious group would give that group 
an advantage in response strength on the syn- 
onym-correct items; but on the weak-association 
items, the anxious group would have a relatively 
stronger response to extinguish before the ini- 
tially weak response could become dominant. 

The second part of Ramond’s prediction was 
realized—that is, the nonanxious Ss were super- 
ior on the weak-association items. But the first 
part of the prediction went awry; the anxious 
group was actually slightly inferior to the non- 
anxious group on the strong-association items. 
This unpredicted result Ramond explains in 
terms of generalization, i.c., the anxious Ss, 
having a higher drive level, would experience 
more interference between the learning of the 
two lists than would the nonanxious group. 


The purpose of the present experi- 
ment was to duplicate the study car- 
ried out by Ramond, except that the 


difference in drive levels would be in- 
duced experimentally rather than 
through the selection of groups on the 
basis of the MAS. Two ends were 
thus being sought. One had to do 
with the use of an electric shock as a 
means of inducing psychological stress 
and, hence, a higher drive level in a 
group of Ss. The other had to do 
with the use of “experimental anxi- 
ety” as compared to Ramond’s use of 
“test anxiety.” 


MetTHOD 


The basic experimental procedure duplicated 
that used by Ramond with the following excep- 
tions: (a) The Ss used in the present study were 
not selected on the basis of their scores on the 
MAS. (6) The difference in the treatments of 
the two groups of Ss was that one group re- 
sponded to shock and the other to a buzzer in 
connection with an auxiliary reaction-time task; 
however, it should be noted that, in terms of the 
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instructions, Ss were led to believe that the re- 
action-time test was the primary task. (c) The 
actual word lists used, though prepared accord- 
ing to the scheme which Ramond followed, were 
taken from a standard copy of Roget’s Thesaurus, 
since Ramond’s word lists were not available. 
(d) The Ss in the present experiment were given 
48 rather than 32 trials on the test list, although 
the statistical analysis was applied in the same 
manner as was Ramond’s. 

Subjects —The Ss used were paid volunteer 
students from the University of Dayton. They 
were selected from the male subject pool on the 
basis of their willingness to be subjected to a 
harmless electric shock. The Ss were placed 
unsystematically in one of the two groups. The 
Ss in the buzzer group were told at the beginning 
of the experimental session that they would not 
be shocked at all during the experiment. 

Apparatus.—The verbal task was presented 
using a memory drum with the following modi- 
fications: (a) The shutter mechanism was re- 
moved since choice rather than anticipation of 
the correct response was to be employed, and 
(b) the 8-sec. revolution period was divided into 
three equal parts to yield an exposure interval 
of 2.4 sec. and an interexposure interval of .25 
sec.; there was a 5.3-sec. interval between suc- 
cessive lists. 

The memory drum was used to present simul- 
taneously three two-syllable adjectives, one on 
the left and two on the right. Four different 
orders of a list of 16 such presentations were 
typed in lower-case letters on an endless cloth 
tape. Parallel to these lists was typed a practice 
list of two-syllable nouns. The test materials, 
as were Ramond’s, were selected so that one 
member of a pair of response words was a syn- 
onym of the corresponding stimulus word, 
whereas the other member of the pair was unre- 
lated to the attached stimulus word. The fol- 
lowing example will illustrate how the stimulus- 
response combinations were interrelated : 


A tranquil serene 8 


rugged 


serene s! 


rugged 


The presentation of A and of B would be 
separated by the presentation of one or more 
other stimulus-response combinations. Thus, 
S saw the same pair of response words twice in 
any given order of the list. The particular re- 
sponse word which was correct for a given one of 
the two stimulus words involved was predeter- 
mined on an arbitrary basis. For example, on 
Presentation A, rugged was the correct response 
to tranquil; therefore, on Presentation B, serene 


B peaceful 
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was the correct response to peaceful. The com- 
bination, tranguil-rugged, was assumed to have a 
lower associative strength than the combination 
peaceful-serene. This method of presentation 
avoided serial learning of responses and re- 
quired association of the response words with 
their particular stimuli. 

The apparatus for the auxiliary task con- 
sisted of a “start” switch which closed a locking 
circuit, a buzzer or a constant current stimulator 
(depending upon the group in which the S was 
placed), and a switch controlled by S which 
broke the locking circuit. The Ss in each group 
were required to keep a palm switch depressed at 
all times. The buzzer group operated the 
switch when the buzzer sounded during the 
5.3-sec. interlist interval and the shock group in 
response to an electric shock applied through 
silver electrodes attached to the ankle. Since 
the presentation of a list took about 50 sec., Ss 
in the shock group were shocked approximately 
once per minute throughout the course of the 
experiment. The buzzer was set at an inter- 
mediate loudness and was mounted on sponge 
rubber. The shock apparatus was set to deliver 
a constant current of .5 milliamp. through elec- 
trodes spaced approximately 1 in. apart. 

Procedure.—The toss of a coin determined the 
group into which each S would be placed. This 
resulted in 30 Ss in the shock group and 24 Ss in 
the buzzer group. At the beginning, S was told 
that the primary purpose of the experiment was 
to determine the relative effectiveness of an 
electric shock in eliciting a response from an 
individual who was engaged in a rather absorb- 
ing mental task. The electrodes were then at- 
tached to the ankle of S if he were in the shock 
group but not if he were in the buzzer group. 

The S was told that he would see a succession 
of presentations of “one stimulus word on the 
left and two response words on the right” and 
that his task was to “learn in each case which of 
the two words on the right is the correct response 
to make.” The S stated aloud his choice at 
each presentation, learning from £’s reply— 
“Right” if correct and no answer if incorrect— 
whether a given answer was right or wrong. 

The session began with 16 trials on the prac- 
tice list. These practice trials were followed by 
2 min. of rest. The S then went through three 
16-trial sessions which were separated by 2-min. 
rest intervals during which E engaged S in con- 
versation in order to prevent review of the 
materials. In each case a trial is defined as one 
presentation of the list of 16 S-R combinations. 
The shocks and buzzer soundings occurred 
throughout the practice and the training trials. 
The total time required was about 1.5 hr. per S. 


RESULTS 


Figure 1 presents the data on the 
performance of the buzzer group on 
the strong as compared to the weak 
items. This comparison indicates 
that the initial strengths of the associ- 
ated responses were in fact stronger 
than those of the nonassociated re- 
sponses; the difference on which this 
inference is based is also apparent 
throughout the first 32 trials with a 
suggestion of that difference during 
the final 16 trials. A Wilcoxon T 
test, which compared the total num- 
ber of correct responses under the 
two conditions, showed the difference 
over the first 32 trials to be significant 
at the .02 level. The difference over 
the final 16 trials was not significant. 

Figure 2, which compares the per- 
formance of the shock group on the 
associated items with its performance 
on the nonassociated items, reveals 
the same relationship that is displayed 
by the buzzer group; i.e., the shock 
group performed better on the strong 
than on the weak items throughout 
the course of the experiment. The 
Wilcoxon T for the difference was 
significant (P < .01) both for the 
first 32 trials and for the last 16. 
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A comparison of the performance on 
the associated vs. the nonassociated pairs by the 
buzzer group. 
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Fic. 2. A comparison of the performance on 
the associated vs. the nonassociated pairs by the 
shock group. 


Figure 3 presents a comparison of 
the shock and the buzzer groups on 
the strong-association items. With 
the exception of one aberrant point 
(Trials 7 and 8) the shock group is 
superior to the buzzer group. The 
differences were significant, according 
to Mann-Whitney two-tailed U tests, 
as follows: for Sessions 1 and 2 com- 


bined, P < .02; and for Session 3, 
P < .001. 

Figure 4 presents a comparison be- 
tween the shock and buzzer groups on 


the weak-association items. With the 
exception of the first two pairs of 
trials, the performance of the shock 
group is superior to that of the buzzer 
group. The difference for Sessions | 
and 2 combined is not significant, P 
being slightly less than .09. The 
difference for the third session by it- 
self was also not significant, P being 
again slightly less than .09. 

Table 1 gives the means and SD’s 
for each of the experimental condi- 
tions. 


Discussion 


The attempt to provide stimulus-re- 
sponse pairs of two different levels of as- 
sociative strength was _ successful. 
Therefore, for theoretical purposes, we 
are justified in speaking of differences in 


initial habit strength within the context 
described by Ramond. 

It was hypothesized that the admini- 
stration of an electric shock would pro- 
duce an increase in the effective drive 
level of Ss in the shock group. This 
being the case, the theory leads.to certain 
predictions concerning the performance 
of the two groups. 

First of all, in the case of the strong- 
associated items, the theory predicts that 
the group with the higher drive level will 
perform better on such items than will 
the low-drive group. The significant 
difference in favor of the shock group on 
these items bears out that prediction. 

In the case of the nonassociated items, 
the theory specifies that the high-drive 
group will exhibit inferior performance 
until the point is reached at which the 
relative strengths of the two responses 
reverse, i.e., the correct response, through 
reinforcement, becomes the stronger of 
the two; when the correct response does 
become the stronger, the high-drive group 
will be superior. Again, as is seen in 
Fig. 4, the theoretical prediction is borne 
out. An analysis of variance showed 
that the salient statistic, the simple in- 
teraction variance between Trials and 
Groups for the nonassociated items, was 
significant at the .05 level; however, 
since the satisfaction of the assumptions 
necessary to this analysis could not be 
rigorously established, this test cannot 
be treated as being conclusive. 
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buzzer groups on the associated pairs. 
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The original intention in adding the 
third session was to provide opportunity 
for the high-drive group to “catch up” 
to the low-drive group if the data were 
to have reflected the same type of result 
found by Ramond. Since the predicted 
relationships established themselves 
earlier in the training, there is no particu- 
lar theoretical importance to the data for 
the additional 16 trials. 

It will be recalled that Ramond’s high- 
drive (anxious) group was inferior on both 
the associated and the nonassociated 
items—significantly so in the latter case. 
Thus, in two very similar situations, in- 
creased motivation was found to have 
essentially diametrically opposed effects. 
Inasmuch as Ramond attempted to 
explain his results in terms of the Hullian 
behavior theory, let us examine his find- 
ings with respect to the appropriateness 
of that interpretation. As was pointed 
out above, the theory yields a clear-cut 
prediction that the high-drive group will 
be superior on the associated items and, 
after an initial period of inferiority, on 
the nonassociated items as well. There- 
fore, in the case of the nonassociated 
items, we must conclude that Ramond 
was in error in interpreting his results as 
being in support of the theory. Ramond 
refers to a slightly different aspect of the 
theory in accounting for the results on 
the associated items. The slight inferi- 
ority of the high-drive group on these 
items is said to be a result of the fact 
that, as the nonassociated S-R connec- 
tions are learned, generalization to the 
associated items takes place; therefore, 
because of their higher drive level, the 
anxious Ss experience more interference 
with the learning of the associated items 


TABLE 1 


Tota. Numser or Correct Responses 


Buzzer Shock 


Mean | SD 


Type of Response — 
Mean | SD 


Associated | 167 
Nonassociated 145 





28.7 | 188 
34.6 | 163 
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Fic. 4. A comparison of the shock and the 
buzzer groups on the nonassociated pairs 


than do the nonanxious Ss. . The present 
experiment can be said to have shown 
this interpretation to be in error (though 
perhaps not conclusively), since there is 
no apparent theoretical reason that such 
generalization should not have occurred 
here as well as in Ramond’s experiment. 

Thus far, it has been tacitly assumed 
that a high MAS score can be treated as 
being related to a high level of drive. 
However, this assumption may be ques- 
tioned. 


In order to get further information pertinent 
to this question, subsequent to the completion 
of the present experiment, manifest anxiety 
scores were obtained on the 36 Ss who were 
available for testing. Fortunately, 18 were 
shock Ss and 18 were buzzer Ss. Each of these 
groups was subdivided at its median (a score of 
14 in the case of the buzzer group and a score of 
11 for the shock group) into high- and low-anx- 
ious subgroups. The performance of these sub- 
groups in terms of the total number of correct 
responses is shown in Table 2, and an analysis 
of variance of these data is presented in Table 3 
This analysis indicates that the effect of Anxiety 
is not significant (F < 1); the effect of Shock is 
significant (.01 < P < .05); and the effect of 
degree of Association is significant (P = .005). 
The interaction of Anxiety and Shock is not 
significant although P is less than .10. The 
other interaction F ratios are less than 1. The 
tests of primary interest are for the effect of 
shock, of anxiety, and of the interaction between 
these two. Considering only the buzzer group, 
we see that anxious Ss are slightly inferior on 
both types of items, which, it will be recalled, is 
the same result obtained by Ramond; in the 
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TABLE 2 


Tota, Numser or Correct Responses 








Shock 
Condition 





| Mean | SD | Mean | SD 





Anxious 
Associated 
Nonassociated 





Associated 


| 
Nonanxious | 
Nonassociated 





present instance, however, the differences are 
undoubtedly not significant. The performance 
of the anxious Ss in the shock group presents a 
somewhat different picture. In this case, the 
anxious Ss are superior to the nonanxious Ss on 
both types of items. 

The fact that the over-all effect of anxiety 
was not significant may have been a reflection 
of the relative magnitude of the Anxiety by 
Shock-buzzer interaction, i.e., when the effects 
of anxiety are averaged over the shock and 
buzzer conditions, any differences present tend 
to disappear. 


With respect to the effects of shock, the 
results of the present experiment agree 
with those reported by Spence, Farber, 
and Taylor (3). In their experiment, 
which involved the effects of electric 
shocks on eyelid conditioning, they con- 
cluded that their data tend to support the 
position that so-called anxious Ss are best 


TABLE 3 


Anatysis oF VaRIANCE OF Anxiety Data 








Source 





Between Ss 
Anxiety (An) 
Shock (S) 


Association (A) 
AX An 
AxsS 

Error (2) 


Total 
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described as exhibiting a greater response 
to aversive stimuli than do nonanxious 
Ss. On the other hand, anxiety has 
been shown to increase the level of per- 
formance in simple, noncompetitional 
verbal learning situations which do not 
involve noxious stimuli (2, 4). 

Thus in some situations, manifest anxi- 
ety produces results which show it to be 
related to drive (5); in others, the results 
show that increased drive results from 
the fact that anxious Ss react more to 
stressful stimuli than do nonanxious Ss 
(3); and, in still other situations, anxious 
Ss behave as though they actually had 
lower drive levels than nonanxious Ss 
(1, 2, 4). 


SUMMARY 


In order to examine the effects of an experi- 
mentally manipulable irrelevant drive on verbal 
performance, 30 Ss were given 48 trials under a 
shock (high drive) condition, and 24 Ss were 
given the same number of trials under a buzzer 
(low drive) condition. The stimulus-response 
materials were of two types; one involved the 
learning of a synonym response which was in 
competition with an unrelated word and the 
other involved the learning of an unrelated word 
which was in competition with asynonym. The 
shock and the buzzer were presented in connec- 
tion with a reaction-time task performed between 
trials (1 per minute) on the primary task. After 
the completion of the basic experiment, MAS 
scores were obtained on 18 shock Ss and 18 
buzzer Ss. 

The results of the basic experiment showed 
the shock group to be significantly superior on 
the associated items and, after being initially 
inferior, consistently superior on the nonassoci- 
ated items. These results are in agreement 
with the theory which relates drive level to per- 
formance but they do not agree with those of 
Ramond. The breakdown of the data according 
to A scores showed the shock to have a consider- 
ably greater incremental effect on the high- 
anxious Ss than on the low-anxious Ss. Also, 
the anxious Ss under the buzzer condition were 
slightly inferior on both types of items, whereas 
under the shock condition, the anxious Ss were 
superior on both types of items. 
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ANXIETY LEVEL AND EGO INVOLVEMENT AS 
FACTORS IN CONCEPT FORMATION ! 


CONCETTA V. ROMANOW 
Chicago Teachers College 


This study deals with the acquisi- 
tion of concepts associated with inter- 
fering responses of varying strength, 
as a function of two processes held 
to be indicators of drive level: mani- 
fest anxiety and ego involvement. 

Research findings indicate that 
high-anxious Ss are superior to low- 
anxious Ss in acquiring simple CR’s 
such as the eyeblink (8, 9, 10, 12, 13) 
and the GSR (1,5). Other studies 
have shown that high-anxious Ss are 
superior when association value of 
words in a serial list is high and intra- 
list similarity is low (6); when com- 
petition among responses in a paired- 
associates list is minimal (11); and, 
in problem solving, when the domi- 
nant set is congruent with the correct 
solution (4). On the other hand, 
high-anxious Ss are inferior to low- 
anxious Ss under the following condi- 
tions: in a serial list, when association 
value is low and intralist similarity is 
high (6); in learning paired associates, 
when the associative strength between 
stimulus and response is weak (7) and 
when competition among responses is 
strong (11); in problem solving, when 
the dominant set is not congruent 
with the correct solution (4). 

These and similar findings indicate 
that high-anxious Ss are superior when 
tendencies competing with the correct 
response are weak, but they are in- 
ferior when there are strong tenden- 


1 This study is based on a dissertation sub- 
mitted to the Psychology Department of North- 
western University in partial fulfillment of re- 
quirements for a Ph.D. in psychology. The 
writer wishes to thank B. J. Underwood, di- 
rector of the dissertation, for his encouragement 
and guidance. 


cies interfering with the required re- 
sponse. 


Spence and Taylor (12), assuming that mani- 
fest anxiety is an indicator of drive level, have 
proposed a theory based on Hull’s concept of 
drive to account for such results. According to 
the Hullian formula E = D X H, the strength of 
an excitatory tendency is a multiplicative func- 
tion of drive and habit strength (3). According 
to this, increased drive would strengthen the 
excitatory tendencies of all habits in S’s hier- 
archy. However, when drive is increased, the 
excitatory potentials of strong habits in the 
hierarchy would be increased relatively more, as 
compared with the increase in excitatory po- 
tentials of weak habits. Consequently, when 
the correct response is of high habit strength, the 
high-drive Ss should perform better because 
weak competing responses are relatively weaker 
for them than for a low-drive group. Con- 
versely, if the correct response is of weak habit 
strength and interfering tendencies are strong, 
then the high-drive Ss should be inferior to a 
low-drive group, since the strong competing 
responses are relatively stronger for them than 
for a low-drive group. 


The present study involves a con- 
cept formation task in which the 
strength of the correct response in re- 
lation to competing responses is con- 
trolled and varied. Two separate 
experiments were conducted; in one, 
Ss differed in degree of manifest 
anxiety, while in the other, Ss differed 
in level of ego involvement. These 
parallel experiments were conducted 
under the assumption that both mani- 
fest anxiety and ego involvement are 
indicators of drive level. Thus, the 
same predictions based on Hullian 
theory were made for both studies: 
namely, that high-drive (high-anxious 
or highly involved) Ss would be supe- 
rior when the correct response is 
strong and interfering tendencies are 
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weak, but that low-drive Ss would be 
superior when the correct response is 
weak and interfering tendencies are 
strong. 

The studies previously cited show 
that predictions from Hullian drive 
theory have been confirmed with re- 
spect to manifest anxiety; the infer- 
ence is that differences in manifest 
anxiety reflect drive differences. This 
study also explores the effect of ego 
involvement when “correct” and in- 
terfering tendencies vary in strength 
in an attempt to apply Hullian theory 
to ego involvement. Since two sep- 
arate experiments were performed, 
the present research does not provide 
information on the interaction of the 
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two variables, anxiety and ego in- 
volvement. 


Experiment I 
Method 


Design.—There were three groups of Ss who 
differed in degree of manifest anxiety. The Ss 
were required to respond with a descriptive ad- 
jective to each of 24 different nouns which were 
presented repeatedly in a serial list. These 
stimulus nouns formed six concepts of four nouns 
each, since one particular descriptive response 
was correct for four different nouns in the list. 
For two of these concepts (i.c., two “sets” of 
four nouns), the correct response was attached 
to the stimulus with high associative strength; 
for two other concepts, the correct response was 
one of moderate associative strength ; and for the 
other two concepts, the correct response was one 
of low associative strength. Strength of tend- 
encies competing with the correct response varied 


TABLE 1 


Noun Stimvuur my tHe Expermentar List anp Att Responses Given BY 
StanparpizaTion Ss Witn Frequency or 5% on Greater 


(Correct responses are in italics) 























a. Stimulus Responses 
Globe round 0) 
Wheel round (94% 
Spool round (74%, ee) small OR); woody (7%) 
Doughnut | round (71%): sweet (7%) 
High 
| Dandelion yellow (85%) © 
Canary yellow (82%) ; small (5%) 
Corn yellow (31%) 
| Mustard yellow (75%) ; strong, sharp (14%) 
Gym big (54%); smelly (21%) 
Walrus big (46%); slimy (13%); black (13%) 
Gorilla big (42%); hairy, furry (41%) 
| Ocean big (33%): blue (24%); wet (20%); deep (12%) 
Moderate 
Flannel soft (54%); red (12%); itchy (8%); fuzzy (5%) 
Kitten soft (41%) ; small (25%); hairy, furry (13%) 
Silk smooth (41%) ; soft (39%); shiny (6%); slippery (5%) 
Bread white (35%); soft (31%) 
| Alley dark (49%); long (16%) ; narrow (14%); dirty (10%) 
| Eel slimy (68%) - long (18% 
| Asparagus | green (78%) : long (9%) 
: Fang sharp (75%); white (10%); pointed (5%); long (5%) 
w 
Rhinestone shiny (67%); hard (1070) 
Coal | black (8560); hard (79% 
Rice white (54%) ; small be) hard (6%) 
| Hatchet | sharp (77%): metallic (5%); hard (5%) 
| 
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inversely with associative strength of the correct 
response. 

Task.—The experimental list consisted of 24 
nouns, which constituted six sets of four nouns 
each in that four different stimuli in the list re- 
quired the same response. The correct re- 
sponses for these concepts were of high, medium, 
and low dominance, as described above. De- 
gree of response dominance was derived from a 
standardization study by Underwood and Rich- 
ardson (15). They presented nouns to 153 Ss, 
asking them to respond to cach noun with one 
sensory adjective. The degree of response 
dominance (for the present list) was determined 
by the percentage of these standardization Ss 
giving the same response to any one noun. 

Table 1 shows the 24 nouns used in this 
study, together with the responses given to each 
of these nouns by 5% or more of the standard- 
ization Ss. The “correct” responses or concept 
words are italicized. It may be seen that the 
concept words vary in dominance. 

Interfering responses are defined as all re- 
sponses given by standardization Ss to any one 
noun, other than the response designated cor- 
rect. Table 1 indicates that the number and 
strength of interfering responses are inversely 
related to dominance level of the correct re- 
sponse; the lower the dominance of the correct 
response, the stronger and more numerous are 
the interfering tendencies. 
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The 24 nouns in the list were shown to Ss on 
a memory drum at a 4sec. rate for 20 trials. 
There were three different successive orders of 
presentation, which were based on random ar- 
rangements, except that no two nouns requiring 
the same response were allowed to occur in suc- 
cession. 

Task instructions were the same for all Ss. 
Before being shown the list, S was told that he 
would see a series of 24 nouns and that he was to 
give a response to each noun. He was informed 
that there were six sets of four nouns, since the 
same response was correct for four different 
nouns. The E established in S a set to respond 
with sensory adjectives by asking him how he 
could describe objects in the simplest way, and 
then persisted until S gave several sensory de- 
scriptive adjectives. The E£ then commented, 
“. . . in the simplest form, we describe objects 
in terms of what we see, hear, smell, taste, or 
feel; we might give their texture, size, color, 
odor, shape, etc.” 

When S gave a response within the 4sec. 
period, E told him whether the response was 
“Right” or “Wrong.” If S made more than 
one response to a noun, which he had been 
asked not to do, £ gave him information only on 
the first response made, and this first response 
was used in scoring. Failure to respond during 
the 4-sec. period was of course marked as a 
blank. Overt errors were recorded verbatim. 


TABLE 2 


Mean Correct Responses AND Overt Errors tn 20 Triats 
as & Function or Concerr DomInaNcEe AND ANXIETY 
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Subjects.—Three groups of 31 Ss each were 
selected on the basis of their percentile rankings 
on the Taylor Manifest Anxiety Scale (14). 
High-anxiety Ss were those with percentile 
rankings between 100 and 80.42; moderate- 
anxious, between 59.01 and 40.28; and low-anx- 
ious, between 20.60 and .36. 


Results 


Table 2 shows the mean number of 
correct responses and of overt errors 
for the three anxiety groups at the 
three concept levels. Figure 1 repre- 
sents the means graphically. Since 
Bartlett’s test showed lack of homo- 
geneity of variance for both correct 
responses and overt errors, analysis of 
variance for repeated measurements 
of the same Ss was used, which does 
not depend on homogeneity of vari- 
ance. Analysis of variance shows 
that in the case of both correct re- 
sponses and overt errors, there are no 
significant differences among groups 
for the entire list—that is, for all con- 
cept levels combined. However, for 
both correct responses and overt 
errors, there is a significant interaction 
of degree of anxiety and level of con- 
cept dominance. The interaction F 
for correct responses is 4.30 (P = .01, 
4 and 180 df), while that for overt 
errors is 4.44 (P = .01, 4 and 180 df). 
As tested by #, there are no significant 
differences between groups at the 
high- and moderate-dominance levels. 
The significant differences occur at 
low-dominance concepts, the high- 
anxious Ss having reliably fewer cor- 
rect responses than either the moder- 
ate-anxious (t = 2.16, P = .05, 60 df) 
or the low-anxious (t = 2.70, P = .01, 
60 df). Also, the high-anxious Ss 
have significantly more overt errors 
than either the moderate-anxious 
(t = 2.40, P = .02, 60 df) or the low- 
anxious (¢ = 1.99, P = .05, 60 df). 

? When ¢ was obtained for groups with dis- 


similar variances, as shown by the F test, the 
table of ¢ was entered with one-half the usual 
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These results mean, as can be seen 
from Fig. 1, that the high-anxious Ss 
do as well as the other groups on the 
high- and moderate-dominance con- 
cepts, but their performance is dis- 
rupted on the low-dominance con- 
cepts (where interfering tendencies 
are strong). 

The Hullian interpretation of the 
foregoing results involves differences 
in relative response strength. Before 
this interpretation is applied, another 
possibility must be eliminated—the 
possibility that high-anxious Ss have 
response associations which differ in 
kind (rather than relative strength) 
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df. This procedure was also followed in the 
case of the ego-involvement groups when 
necessary. 
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TABLE 3 


Types or Overt Errors Mave sy Anxiety Groups on 
Low-—Dominance Concepts 


















































Error Category | 
Degree Anxiety | Wrong Sensory: | Wrong Sensory: | Correct for List Nonsensory | pital 
No. % No. % No. % No. % | 
High 486 37.4 240 18.5 378 29.1 195 15.0 | 1299 
Moderate 341 35.0 180 18.5 284 | 29.2 169 174 | 974 
Low 367 | 389 | 45 | 146 | 235 | 236 | 28 | 22.9 | 995 





from the response associations of 
groups with less anxiety. In order to 
determine this, an examination was 
made of overt errors, as shown in 
Table 3. Overt errors have been 
placed into one of four categories. 
The “Wrong Sensory-Common” cate- 
gory includes all erroneous responses 
given by Ss to any noun, which were 
given by the original standardization 


group with 5% or greater frequency. 
Thus, referring back to Table l, it 
can be seen that for the noun “fang,” 
the responses “sharp,” “white,” and 
“pointed” would be overt errors in 
this category. The second classifica- 
tion of errors includes sensory impres- 
sions which are uncommon because 
they were not given by 5% or more of 
the standardization Ss. In the third 


TABLE 4 


Mean Correct RESPONSES AND 


Overt Errors rx 20 TRIALs as A 


Function or Concert Dominance aND INVOLVEMENT 









































Concept Dominance 
| a 
Degree Involvement High Moderate Low 
Mean SD Mean SD Mean | SD | Mean 
Correct Responses 

High 151.3 9.6 130.7 28.2 102.9 38.3 | 384.9 
Moderate 142.1 26.6 122.8 40.6 96.5 43.9 361.4 
Low 144.2 20.5 130.3 23.5 85.8 32.4 360.3 

Combined 145.9 127.9 95.1 | 

Overt Errors 

High 60 | 67 18.3 | 183 339 | 223 | 633 
Moderate 99 | 145 04 | 222 | 367 | 22 | 670 
w 10.6 13.7 20.2 17.5 | 54.5 23.4 | 85.2 

Combined 8.8 19.6 | 434 | 

| 
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category are overt errors which are 
correct for other words in the list, 
e.g., the response “round” for “rice.” 
The fourth category includes nonsen- 
sory responses such as “animal,” 
“good,” etc. 

Table 3 indicates that the differ- 
ences between the three groups for 
low-dominance concepts are not great. 
Proportions for the high- and moder- 
ate-anxiety groups are nearly identi- 
cal, although the highly anxious have 
significantly more total errors. This 
similarity in types of errors made sug- 
gests that the anxiety groups differ, 
not in the kinds of response associa- 
tions but, rather, in the relative 
strength of associations. 


ExperIMEnT II 


Method 


Task.—This was the same as in Exp. I. 
Task instructions were also the same except for 
the addition of ego-involving instructions. 

Subjects —Ninety volunteer Ss were divided 
into three groups of 30 each and were given differ- 
ent ego-involving instructions. All such in- 
structions began, “You are probably wondering 
what this experiment is all about. Other 
studies with college students have shown that 
performance on this type of task. . . .” 

For the low-involvement Ss, the completion 
of the instructions was “ . . . is a good indica- 
tor of clerical aptitude. In other words, ability 
to do well here reflects the capacity to pay at- 
tention to routine details and to see their rela- 
tionship to each other.” For the moderate- 
involvement Ss the instructions were, “ . . . is 
a good indicator of the degree of curiosity they 
possess. In other words, ability to do well here 
reflects curiosity about the world and how differ- 
ent things are related.” For the high-involve- 
ment Ss the instructions were, “ . is corre- 
lated highly with intelligence tegt scores. In 
other words, ability to do well here reflects the 
capacity to do intelligent thinking about ob- 
jects in the environment and how they are re- 
lated to each other.” 

The Ss were assigned to the conditions in a 
1-2-3-3-2-1 sequence, in order of arrival. 
When the experiment was over, Ss were told 
that these instructions were for the purpose of 
the study, and were sworn to secrecy. 

The instructions were derived from the results 
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of a trait-ranking scale, which was based on a 
shorter scale developed by Hill (2). The scale 
was given to a total of 420 undergraduate Ss in 
two elementary psychology classes. It con- 
sisted of a list of 36 traits, e.g., adaptability, 
imagination, mechanical ability, perseverance, 
etc. The Ss were asked to rank the traits from 
1 to 36 in order of the relative value each trait 
had for them. The trait with the highest mean 
ranking (6.52 and 6.29) in both classes was in- 
telligence; the trait with a moderate mean rank 
was curiosity (20.13 and 20.03); while the trait 
with the lowest mean value in both classes was 
clerical aptitude (31.55 and 29.75). 


Results 


Table 4 shows the mean number of 
correct responses and overt errors at 
the three concept levels for the 
entire 20 trials. Figure 2 represents 
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Fic. 2. Means for ego-involvement groups at 
the three concept levels. 
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the means graphically. Differences 
among groups are small for high- and 
moderate-dominance concepts, but on 
low-dominance concepts the low-in- 
volvement group shows fewer correct 
responses and more overt errors. 
‘The variances were not homogeneous, 
and analysis of variance for repeated 
measurements of the same Ss was 
used. The only significant F was for 
interaction of involvement level and 
concept dominance with regard to 
overt errors (F = 3.63, P = .01,4and 
174 df). As indicated by #, low-in- 
volvement Ss have significantly more 
overt errors than either the moderate- 
involvement Ss (t = 2.99, P = .01, 
58 df), or the high-involvement Ss 
(t = 2.63, P = .0O1, 58 df). Analysis 
of variance showed no significant 
differences with respect to correct re- 
sponses. 


Discussion 


From Hull’s theory it was predicted 
that the high-drive group should be 


superior on high-dominance concepts, 
where the correct response is strong and 
interfering tendencies are weak. This 
expectation was not confirmed either 
with the anxiety or ego-involvement 
groups. The other prediction was that 
the high-drive group should be inferior 
on low-dominance concepts, where the 
correct response is weak and interfering 
tendencies are strong. The results for 
the anxiety groups conform to this second 
prediction with respect to both correct 
responses and overt errors. 

As in the case of the anxiety groups, 
significant differences between ego-in- 
volvement groups were found only on 
low-dominance concepts. Differences in 
the case of the ego-involvement groups 
were not as clear-cut as those for the 
anxiety groups, since they were signifi- 
cant only for overt errors. However, the 
important point is that results in the two 
studies were opposite in nature, with the 
low ego-involvement group showing 
poorer performance on low-dominance 
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concepts (at least with respect to overt 
errors). Assuming that ego involve- 
ment as well as manifest anxiety is an 
indicator of drive state, results in the two 
studies should have been parallel. 
This expected parallelism was not found 
and only the results with the anxiety 
groups fit into Hullian drive theory. 

A post hoc explanation for the findings 
in the ego-involvement study is that low 
involvement gives rise to a careless, inat- 
tentive attitude resulting in increased 
overt errors. However, since the ex- 
pected parallelism was not found, our 
results indicate the need for a design in 
which Ss at each of the three anxiety 
levels are divided into groups receiving 
low-, moderate-, and high-involvement 
instructions. 


SUMMARY 


Two separate experiments were performed: in 
one, three groups of Ss differed in level of mani- 
fest anxiety ; in the other, three groups of Ss were 
given differential instructions in order to induce 
three different degrees of ego-involvement. All 
Ss were given a concept formation task in which 
associative strength of the correct response and 
strength of competing tendencies were varied. 
Predictions from Hullian theory were that a high- 
drive group should be superior when the correct 
response is strong and interfering tendencies are 
weak, but should be inferior when the correct 
response is weak and interfering tendencies 
strong. The study with the anxiety groups con- 
firmed the theory to some extent since the high- 
anxious did more poorly than the other groups 
where interfering tendencies were strong. The 
expected parallelism between anxiety and ego 
involvement was not found, since the low-in- 
volvement group was inferior when interfering 
tendencies were strong. 
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It is an established fact that, when 
S learns a list of paired associates, not 
only does he learn S-R (forward) as- 
sociations according to instructions 
given him, but he also learns some R-S 
(backward) associations without hav- 
ing been instructed to do so. Thus, 
if A-B is the forward association 
being learned, B-A may be being 
learned at the same time. The de- 
velopment of such R-S associations 
may be inferred from transfer studies 
(4, 6), but can be shown directly by 
presenting S with B and asking him 
to recall A (2, 9). 

In a previous study (2) it was sug- 
gested that the operations defining 
R-S learning may simply be another 
way of producing what is commonly 
called incidental learning. If this is 
true it would be expected that the 
variables which influence incidental 
learning would influence R-S learning 
in a comparable manner. Such com- 
parability for a number of variables 
would make it likely that the different 
operations are producing essentially 
the same learning process. With re- 
gard to number of presentations and 
incidental learning, two studies (1, 8) 
have shown a direct relationship. 
Concerning meaningfulness, the data 
are conflicting. Brown (1) found no 
appreciable difference in the incidental 
learning of words and low association- 
value nonsense syllables. Postman, 
Adams, and Phillips (7), on the other 
hand, found an increase in amount of 
incidental learning as association value 
of syllables was increased from 0% to 
100%. In the present study the S-R 
learning consists of nonsense syllables 


as stimuli and adjectives as responses. 
Since the association value of the syl- 
lables is varied, the present study will 
give evidence as to whether or not 
R-S learning is a function of the mean- 
ingfulness of the stimuli during S-R 
learning. In addition, the number of 
S-R learning trials is varied. 

Since the present study was com- 
pleted, a summary in English of the 
results obtained by a Japanese in- 
vestigator, Morikawa, (5) has become 
available. In Morikawa’s study both 
meaningfulness and number of S-R 
trials are reported to show a positive 
relationship to R-S learning. As will 
be seen, the present investigation con- 
firms these results. 


MetTHopD 


General.—When R-S learning is measured by 
recall there is no need for a control condition. 
That is, if a control group, not having S-R learn- 
ing, were asked to respond on an R-S recall trial 
it is highly unlikely that any correct responses 
would be given. However, if R-S learning is to 
be measured by transfer effects over a number of 
trials, a control group is essential. This control 
group must be at the same practice and warm-up 
level as the experimental group at the initiation 
of the transfer trials. In the present procedure 
three experimental groups were given 4, 12, or 
24 t.ials on S-R learning and then 10 trials on 
R-S learning. Three control groups were given 
4, 12, or 24 S-R trials on a comparable but differ- 
ent list from that given the experimental group. 
These groups were then given 10 trials on the 
same R-S list as the experimental groups. 
Differences between these groups on the 10 
transfer trials must be attributed to R-S learning 
which took place as the experimental groups 
learned the S-R list. 

Specific.—Six groups of 24 college students 
each, all naive to verbal-learning experiments, 
served as Ss. The Ss were assigned to the six 
groups in an ascending-descending order, i.e., 
to Groups, 1, 2, 3, 4, 5, 6, 6, 5, etc. 
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There were two lists of eight pairs each. The 
major list was learned by the experimental 
groups as their S-R list and, when “turned over,” 
by all groups as the R-S list. Four association 
values were represented in the eight stimuli, 
there being two syllables each from 0%, 33%, 
67%, and 100% values as determined by Glaze 
(3). The syllables and their association values 
are as follows: TEX, NAR (100%); POF, SUZ 
(67%); VOQ, KIW (33%), YUD, CIJ (0%). 
The eight adjectives were as follows: agog, 
hearty, laughing, inert, massive, equal, brutal, 
glassy. In S-R: learning the syllables were 
stimuli, the adjectives were responses. There- 
fore, for the R-S trials the adjectives became 
stimuli and the syllables became responses. 
Four different sets of pairing of syllables and ad- 
jectives were used to minimize the possibilities 
of getting a pairing that might be particularly 
easy or particularly difficult. In actual fact the 
results have shown that the four different pair- 
ings were not a significant source of variance. 

The S-R list given the control groups was con- 
structed in the same manner as the one given the 
experimental groups except that different syl- 
lables and adjectives were used. This list was 
learned as the S-R list by the three control 
groups merely to make practice and warm-up 
equivalent to the experimental groups at the 
time the R-S list was learned by all groups. 
Preliminary testing showed that the two S-R 


lists did not differ significantly in difficulty. 
Similarity between the two lists was made as 
low as possible to minimize negative transfer 
when the control Ss shifted to the R-S list. 

In S-R learning, one experimental group was 
given 4 trials, another 12, and the third, 24 trials. 
The corresponding control groups also received 


4, 12, or 24 trials on their S-R list. Immediately 
after completing the S-R trials, all groups were 
given 10 trials on the R-S list. The experimen- 
tal groups were instructed concerning the nature 
of the R-S list and were further instructed to 
give as many syllables as possible on the first 
presentation of the R-S list. They had not 
been told previously that they would have to 
learn an R-S list so there is no reason to believe 
that they intentionally learned R-S associations 
during S-R learning. The control groups were 
also instructed concerning the nature of the R-S 
list (as compared with the list that had just been 
presented) but were given one study trial since 
all items were completely new to the Ss in these 
control groups. 

In presenting the lists on a Hull-type drum, 
the syllables were printed in capital letters, the 
adjectives in lower-case type. The presentation 
rate was 2 sec. for the stimulus and 2 sec. for the 
stimulus and response pair together. Three 
different orders of the pairs were used to mini- 
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mize serial learning. A 4-sec. interval occurred 
between trials. Anticipation learning was used 
throughout, and in R-S learning the syllables 
were spelled. 


RESULTS 


S-R learning —The mean number 
of total correct responses over 4, 12, 
and 24 trials for the experimental 
groups was 5.75, 53.21, and 131.83, 
respectively. Corresponding values 
for the control groups were 6.42, 
39.67, and 121.13. An analysis of 
variance showed that the six groups 
did not differ significantly in per- 
formance on the first four trials. 
However, considering the total cor- 
rect responses over all trials, the F 
between experimental and control 
groups was significant at the 5% level. 
As might be expected when degree of 
learning is manipulated, the variance 
was heterogenous (Bartlett’s test). 
The calculation of t’s between the con- 
trol and experimental groups for each 
of the three degrees of learning showed 
that only the two 12-trial groups differ 
more than would be expected by ran- 
dom assignment of Ss. The difference 
between these two groups was sig- 
nificant at the 1% level. Since the 
lists were shown to be not different in 
difficulty, the difference in perform- 
ance between these two groups must 
represent a sampling deviation. Ad- 
justment for these differences will be 
made in presenting the data on R-S 
learning. Meaningfulness of the 
stimuli was also a significant variable 
during S-R learning for both experi- 
mental and control groups; the higher 
the meaningfulness the greater the 
number of correct responses. How- 
ever, the functions were by no means 
smooth, a result which might be ex- 
pected since only two syllables were 
used as samples at each level of mean- 
ingfulness. 

R-S learning measured by recall.— 
Immediately after learning the S-R 
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list the experimental Ss were given 
the R-S list in which the adjectives 
were now the stimuli, the syllables 
the responses. The Ss were asked to 
anticipate as many syllables as possible 
on the first presentation. Following 
4, 12, and 24 S-R trials, the total 
number of items correct on R-S 
recall was 30, 79, and 95, respectively. 
As a function of 0%, 33%, 67%, and 
100% association values, the total 
number of items recalled was 34, 29, 
60, and 81, respectively. Very 
marked heterogeneity of variance was 
present in these recall data, but since 
both variables were significant far 
beyond the 1% level by analysis of 
variance it seems reasonable to con- 
clude that both variables are posi- 
tively related to R-S recall. No 
evidence existed for an interaction 
between the two variables. 

It may be noted above that the 
syllables having 33% association 


values resulted in slightly lower recall 
than those having 0% association 


values. This same small difference 
existed in S-R learning. However, 
such data should not be taken to indi- 
cate a reversal of the expected rela- 
tionship between association value 
and learning since, as noted above, 
two syllables from each association- 
value level is too small a sample to 
expect a precise relationship. The 





™ as as T ms AS 


s-R 








Fic. 1. Comparison of S-R and R-S learning as 
a function of number of S-R trials. 
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present data are clear in showing only 
that in both S-R learning and R-S 
recall there is a gross positive relation- 
ship between meaningfulness and 
performance. 

The increase in number of associa- 
tions as a function of trials for both 
S-R and R-S learning is shown in Fig. 
1. The R-S function simply repre- 
sents the mean number of syllables 
correct on R-S recall. The S-R func- 
tion was obtained by visual extra- 
polation of the S-R learning curves. 
For example, the acquisition curve 
for the 4trial S-R group was plotted 
and then extrapolated to determine 
the approximate number of responses 
this group would have anticipated cor- 
rectly had it been given an additional 
trial. The same procedure was fol- 
lowed for the 12-trial group to obtain 
an estimate of their performance on a 
13th trial, and for the 24-trial group 
to estimate performance on a 25th 
trial. Since R-S recall for the three 
groups may be considered to have 
taken place on the 5th, 13th, and 25th 
trials, the two functions are coordi- 
nated at these three trial points. It 
would have been possible to use the 
actual performance of the 12-trial 
S-R group on the 5th trial to estimate 
the performance of the 4trial group 
had they been given another trial, and 
the 24+trial group to estimate the 
12-trial group’s performance had they 
been given a 13th trial. However, in 
view of the differences in learning rate 
of the groups (as noted earlier) the 
extrapolation method would seem to 
be preferable and it allows comparison 
of S-R and R-S learning for the same 
Ss at a given point. 

It is clear from Fig. 1 that the in- 
crease in number of correct associa- 
tions as a function of trials is greater 
in S-R learning than in R-S learning. 
For both types of associations the 
greatest increase takes place during 
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the first half of the learning period. 
During the second half of the trials, 
S-R learning, when measured by the 
number of correct associations, cannot 
increase much more since it has almost 
reached the maximum of eight correct 
responses. This is not true for R-S 
learning; yet, there is only a small in- 
crease in number of responses recalled 
between the 13th and 25th trials. 
The R-S curve suggests an asymptote 
considerably below that of the S-R 
curve. 

R-S learning measured by transfer.— 
The performance of the control and 
experimental groups on the ten trans- 
fer trials is shown in Fig. 2. Since 
the transfer list was a new list for the 
control groups, the first trial was a 
study trial. The first-trial perform- 
ance of the experimental groups repre- 
sents R-S recall as discussed above 
An analysis of variance of total correct 
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responses over all transfer trials al- 
lows the following conclusions: (a) 
performance of the experimental 
groups is superior to that of the con- 
trol groups; (b) the higher the degree 
of S-R learning the greater the trans- 
fer; (c) the higher the meaningfulness 
the greater the transfer. If the per- 
formance curves for the control groups 
are subtracted from those for the 
experimental groups for each degree 
of learning it can be seen that the 
difference following 12 and 24 trials 
on the S-R list is maintained through- 
out all transfer trials. Furthermore, 
the difference for the 24-trial groups is 
greater than for the 12-trial groups. 
This is true in spite of the fact that 
earlier evidence indicated that the 


12-trial experimental group was a 
faster-learning group and the 12-trial 
control group a slower-learning group 
than the two 24-trial groups. 


With 
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Performance on each transfer trial for experimental and control groups. 
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R-S learning is indicated by the superiority of the experimental group over the control group having 


had the same number of S-R trials. 
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only 4 trials on the S-R list the experi- 
mental group shows a clear superiority 
over the 4trial control group on only 
the first few trials. 

The need for the control groups in 
measuring the transfer effects is 
clearly apparent. Since the 12-trial 
control group is a_ slower-learning 
group than the 24+rial control group, 
these two groups may be considered 
roughly equivalent on these transfer 
trials. However, it is not possible to 
interpret clearly the differences in the 
performance of the control groups from 
the present data. Learning-to-learn 
differences, warm-up differences, and 
even temporary negative transfer may 
all influence the performance of these 
control groups. 


Discussion 


The results have shown that R-S or 
backward learning is a direct function of 
both meaningfulness of stimuli during 
S-R learning and degree of S-R learning. 


Measurements of R-S learning by recall 
and by transfer effects yielded essen- 
tially the same results. 

With 24 trials, S-R learning had ap- 
parently reached a near asymptote of 
about 93% correct responses on a given 


trial. However, at this same point, R-S 
learning as measured by recall was about 
50% correct responses. Furthermore, 
Fig. 1 indicated that the amount of R-S 
learning would never approach the 
amount of S-R learning even with a great 
many more trials beyond the 24 actu- 
ally given. It appears that during S-R 
learning some R-S associations are 
learned and some are not and those that 


are not will never be established even ° 


if an extended number of S-R trials are 
given. Some pairings rather easily and 
quickly result in bidirectional associa- 
tions and others result in only unidirec- 
tional (S-R) associations. Although the 
number of bidirectional associations is 
directly related to meaningfulness of the 
stimuli during S-R learning, the lack of 
evidence for interaction between degree 
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of S-R learning and meaningfulness indi- 
cates that even with the most meaningful 
stimuli used here some bidirectional as- 
sociations will not be formed. The 
situation appears analogous to results 
from free-association tests when it is 
shown that for some pairs A has a high 
probability of eliciting B, and B an 
equally high probability of eliciting A, 
whereas for other pairs A may have a 
high probability of eliciting B, but B a 
low probability of eliciting A. 

The results of the present study would 
give some support for the incorporation 
of R-S learning into the body of data 
associated with what is commonly called 
incidental learning. The increase in 
R-S learning as a function of degree of 
S:R learning parallels the results on inci- 
dental learning as a function of number of 
trials (1,8). The direct relationship 
between R-S learning and meaningful- 
ness of stimuli during S-R learning con- 
forms to the incidental-learning results of 
Postman, Adams, and Phillips (7). In- 
deed, these investigators used the same 
association values as used in the present 
study and the incidental recall curve as a 
function of meaningfulness is remarkably 
similar to that found in the present 
study, including the slightly poorer per- 
formance on the syllables having 33% 
association values as compared with those 
having 0%. The one known conflicting 
study is Brown’s (1). He found no 
difference in the incidental learning of 
low-association syllables and monosyl- 
labic nouns. This was true after 4 pres- 
entations of a serial list of 12 items or 
after 8 such presentations. Brown’s 
study differed somewhat from the usual 
incidental learning study. In the typi- 
cal study Ss are exposed to a group of 
items without instructions to learn and 
then are asked to recall as many of the 
items as possible without regard to order. 
Brown, however, required his Ss to repro- 
duce the order. The amount of inci- 
dental learning in Brown’s study is ex- 
tremely low, less than one item per S 
being given correctly after 4 trials and 
an average of about 1.5 after 8 trials. 
It may well be, therefore, that differences 
in meaningfulness would emerge if many 
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more trials were given on the list than 
were actually given. As the data stand, 


however, Brown’s results are contra- 
dictory to one other study on incidental 
learning and to the present study if R-S 
learning is considered incidental learning. 


SUMMARY 


This study was designed to determine R-S 
or “backward” learning of paired associates as a 
function of number of S-R trials and meaning- 
fulness of the stimuli in the S-R list. Three ex- 
perimental groups were given 4, 12, or 24 trials 
on a list of eight paired associates having non- 
sense syllables for stimuli and adjectives for re- 
sponses. Four different association values were 
represented by the stimuli. Following the speci- 
fied number of trials on the S-R list, all groups 
were given 10 transfer trials on the R-S list which 
consisted of the same items as were in the S-R 
list but the syllables were responses and the ad- 
jectives stimuli. Three control groups had 4, 
12, or 24 trials on an irrelevant list and then were 
given 10 trials on the same R-S list given the 
experimental groups. 

The results show that, whether measured by 
recall or by positive transfer over the 10 trials, 
both degree of S-R learning and meaningfulness 
were positively related to amount of R-S learn- 
ing. The data strongly suggest that R-S learn- 
ing would never be complete when measured by 
recall even if the number of S-R trials was greatly 
extended over the maximum of 24 used here. 

A consideration of evidence from incidental- 
learning studies reveals a high correspondence 
between the functions of meaningfulness and 
number of trials for incidental learning and the 
present results for these two variables in R-S 
learning. This may be used to support an argu- 
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ment that R-S or backward learning is essen- 
tially a form of incidental learning. 
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COMMENT ON “ROLE OF PREFEEDING IN AN APPARENT 
FRUSTRATION EFFECT” 


ABRAM AMSEL 
Newcomb College, Tulane University 


A recent experiment in this Journal by Se- 
ward, Pereboom, Butler, and Jones (8) was 
designed as a test of alternative interpretations 
of a phenomenon reported here in 1952 by Amsel 
and Roussel (3) and termed the frustration effect 
(FE). Rats were trained in the Amsel and 
Roussel experiment to run out of a start box and 
into a runway (Runway A) to a goal box (G;) 
where they found food, then to leave G; and run 
down a second runway (Runway B) to a second 
goal box (G:) where they found food again. 
Their time to traverse Runway B was measured 
during a period of continuous rewards in G; and 
Gz and, when running time had stabilized, a 
series of test trials were run on half of which S 
was not rewarded in G; prior to running in Run- 
way B. The observation that vigor of per- 
formance in Runway B was greater following 
nonreward than following reward in G, is the FE. 

The FE was interpreted by Amsel and Roussel 
as a motivational effect, or, more precisely, as a 
drive combination effect depending upon the 
contribution of nonreward-defined frustration 
to the generalized drive strength. Amsel and 
Roussel also recognized and considered the pos- 
sibility that the test-trial difference in Runway 
B might be due simply to the giving or not giving 
of the food pellet in G,, apart from any frustra- 
tion effect—that giving a food pellet in G; might 
reduce hunger thus reducing running speed in 
Runway B, whereas not giving the pellet in G; 
would not reduce hunger, this failure to reduce 
hunger serving as the basis for faster running in 
Runway B after nonreward test trials. This 
latter interpretation they rejected for the reason 
that a very small amount of food (.125 gm.) was 
involved in the goal box preceding the test per- 
formance, and available evidence indicated that 
this amount of prefeeding was not sufficient to 
depress performance; in fact, there was some in- 
dication that prereward of this order of magni- 
tude facilitated performance, both in terms of 
reduced errors in complex mazes and increased 
speed of running in runways (4, 6). 

Other experiments have demonstrated the FE 
with very small rewards in the first goal box of 
the Amsel and Roussel type of situation. For 
example, Roussel (7) employed .125 gm. of 
food, and Wagner (9) .1 gm.; Amsel and Hancock 
(2) used 2 drops of water (this has been the pro- 
cedure in several other studies in our laboratory). 

The Seward, Pereboom, Butler, and Jones 


(8) experiment, which is reported as a test of the 
alternative interpretations of the Amsel and 
Roussel finding, adds to the Amsel and Roussel 
situation a prefeeding variable: .5 or 1 gm. is 
given on some trials in a special chamber pre- 
ceding the start box. The notion is, apparently, 
that if prefeeding in these amounts slows Run- 
way B performance, there is evidence against the 
motivational interpretation and for the failure- 
to-reduce-hunger interpretation of the FE. The 
amounts prefed in their experiment were 1 gm. 
and .5 gm., 8 times and 4 times, respectively, the 
amount of food used on reward trials in the first 
goal box of the Amsel and Roussel experiment. 
This by itself is sufficient reason to rule out their 
experiment as a test of the Amsel and Roussel 
findings or interpretations. What they demon- 
strate is that prefeeding beyond the very small 
amounts used by Amsel and Roussel retards 
running in Runways A and B, which bears out 
the findings of earlier investigators that prere- 
ward beyond certain small amounts reverses the 
facilitating effect. This is brought out in their 
discussion where they compare running times 
for the four conditions of their study: pF—O gm. 
before Runway B; PF—.5 or 1 gm. before Run- 
way B; pf—.5 or 1 gm. before Runway B; and 
Pf—1 or 2 gm. before Runway B. They find 
increases in running time (decreases in vigor) 
from 0, to .5 or 1, to 1 or 2 gm. of prefeeding, 
although interestingly enough there is still clear 
evidence of the FE in their data. They say 
that this supports “the conclusion that eating a 
pellet before a trial retards running speed.” 
They should have added “if the pellet weighs at 
least .5 gm.” Amsel and Roussel were aware 
of this too; but the pellet they used was much 
smaller, and of a size which had already been 
shown to increase rather than decrease running 
speed. Although this is not a well-worked-out 
area, it would appear that the function relating 
the dependent variable, speed of running, to the 
independent variable, amount of prefeeding, 
increases from 0 gm. prefeeding to some value 
below .5 gm. and is then inflected downward so 
that, with increasing amounts of prefeeding, run- 
ning speed approaches zero as a limit. 

The writer takes partial responsibility for the 
failure of Seward et al. to use reward of appropri- 
ate magnitude. He finds, in rereading the Amsel 
and Roussel report, no reference to the specific 
size of food pellet employed. Although size of 
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food pellet in G, (.125 gm.) was reported in the 
later Roussel thesis, to which Seward et al. also 
refer, the omission in the original paper must 
certainly have contributed to this misunderstand- 
ing. 
What puzzles the writer is that Seward et al. 
should have regarded their experiment as a test 
of the motivational hypothesis of the FE even 
apart from their failure to prefeed amounts 
equivalent to those given by Amsel and Roussel, 
and others, in G,. There is, with respect to 
Runway B performance, a very important the- 
oretical as well as procedural difference between 
prefeeding in a chamber before Runway A and 
feeding in G, following Runway A and before 
Runway B, regardless of whether the amount pre- 
fed is such as to increase or reduce the strength 
of the subsequent running behavior. Running 
in A is the to-be-frustrated and later the frus- 
trated response; running in B is the frustration- 
motivated response. Seward et al. are in the 
position of reasoning that the increase in strength 
of running in B following nonreward in G; is not 
frustration motivated, the reasoning based on a 
prefeeding procedure which comes before run- 
ning in A. But according to the writer’s inter- 
pretation (1,2) strength of frustration resulting 
from nonreward in G, and affecting running in 
B depends upon strength of rg generated in Run- 
way A; and according to Maltzman (5) giving 
small amounts of prereward is one way of in- 
creasing rg. If an appropriate amount (about 
.1 gm.) were to be prefed before running in A and 
this resulted in greater speed in A and greater 
FE in B than in the Amsel and Roussel situation 
as a control, this would fit the writer’s interpre- 
tation; if a larger amount (1 gm.) is prefed and 
this weakens running in A and the FE compared 
with the Amsel and Roussel control, this still 
fits the same interpretation (Seward et al. claim 
[p. 450, par. 1] their situation produces a weaker 
FE than Amsel and Roussel). There is, finally, 
only one direct test of the FE interpretation 
which Amsel and Roussel rejected for their 
situation and which Seward et al. are unwilling 
to reject: to use a single runway situation com- 
parable to Runway B and test whether rats run 
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more slowly after eating .125 gm. in the start 
box than when they donot. At the risk of seem- 
ing to replay the record, the evidence strongly 
suggests they will not. 
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SUPPLEMENTARY REPORT: STABILITY OF A VERBAL RATE 
CHANGE IN EXPERIMENTAL ANXIETY! 


FREDERICK H. KANFER 
Purdue University 


In a recent investigation? verbal rate was 
studied during conditioning of a tone-shock 
sequence. A marked increase of verbal rate 
and concurrent heart rate following onset of the 
tone was found. During the first 6 of 12 acqui- 
sition trials the verbal rate increase was obtained 
throughout the tone-shock interval, but at the 
end of training, rate increased only in the 30- 
sec. post-tone period. These findings suggest 
that with prolonged training (a) the effect of 
the signal is temporarily disruptive but disap- 
pears after additional training or is condensed 
to such a minimal time after tone onset that it 
is no longer measurable; (5) the effect of the 
“anxiety” operation may be a lasting behavioral 
change. The present study investigated the 
persistence of the effect of experimental anxiety 
on verbal rate over a period of prolonged 
training. 

Method.—The Ss were 12 male students who 
served at the same hour for nine consecutive 
days. The procedure was similar to that 
reported earlier, and identical on all days. 
‘ The Ss said separate words throughout each 
52-min. session. All Ss were given 17 condi- 
tioning trials under Cond. T-S (60-sec. tone 
co“terminal with 1-sec. shock) at varied intervals 
during each session. 

Results—Words were counted for each 30- 
sec. interval, starting with the interval pre- 
ceding tone onset (Period A) and ending 30 sec. 
after shock (Period D), including 30-sec. post- 


30 SEC 


WORDS / 








TRAINING DAYS 


Mean verbal rate for all periods of 
nine acquisition days. 


1 Supported in part by research grant M-963 from 
the National Institute oS Mental Health, U. S. Public 
Health Service, while the author was at Washington 
University. 
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7 exp. Psychol., 1958, 55, 73-80. 
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rate. 


tone (Period B) and 30-sec. pre-shock (Period 
C). The F ratio for Days (Table 1) indicates 
significant over-all rate changes with continued 
practice (increase from an over-all mean of 
9.49 words/30 sec. on Day 1 to a maximal mean 
rate of 15.76 words/30 sec. on Day 6). Also, 
rates were significantly different for the four 
trial periods. The response rate during trials 
(Fig. 1) increased sharply until it reached a 
fairly stable level of approximately 15.5 words/ 
30 sec. on Day 6. Period B consistently showed 
the highest rate. The rate difference between 
Periods A and B increased with training, reveal- 
ing the stability of the effect of tone onset in 
increasing verbal rate. As training progressed, 
the increase was also maintained during Period 
C. After 4 days the rate in Period C 
approximated that in Period B. 


TABLE 1 


ANALYSIS OF VARIANCE OF MEAN VER#AL 
RATES FoR ALL Periops AND Days 


Discussion.—The increase of verbal output 
can be considered to represent S’s learning of the 
task. The present task appears to reach a 
maximum average rate of about 33 words/min., 
which may be asymptotic for the present 
procedure. 

The results confirm the earlier findings that 
verbal rate is increased during the interval 
between a warning signal and subsequent shock. 
Prolonged acquisition training did not lead to 
adaptation. In fact, the effect of “anxiety” 
on verbal rate increased with training. 

The gradual increase of rate during Period C 
over days suggests that Ss formed a temporal 
discrimination, manifested by increased verbal 
rate as the shock approached. However, this 
discrimination did not appear to lead to a 
briefer and greater increase in response to the 
tone as was thought likely from the earlier 
data. With training, the effects of anxiety 
therefore tend to increase as the noxious stimulus 
approaches, although the early maximal response 
may follow shortly after onset of the signal. 
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SUPPLEMENTARY REPORT: COMPLEXITY AND ORIENTING 
RESPONSES WITH LONGER EXPOSURES! 


D. E. BERLYNE 
University of California, Berkeley 


In a previous experiment,? pairs of visual 
figures were exposed for 10 sec. each, and Ss 
spent more time looking at more complex and 
more incongruous figures. During the first 
10 sec. of an exposure, Ss must have been 
occupied mainly in identifying the figures, 
and if the effect is confined to this initial period 
of identification, its theoretical significance will 
be limited. It may signify, for instance, merely 
that more complex visual stimuli take longer 
to identify. If, on the other hand, the prefer- 
ence for fixating more complex (or incongruous) 
figures persists long after Ss have had time to 
see what they are like, it will clearly have a 
more general relevance to spontaneous observing 
behavior, to looking “for the pleasure of 
looking,” and to aesthetics. The present experi- 
ment was designed, therefore, to test for the 
effect with exposures lasting 2 min. 


ment with the following exceptions: (a) The 
figures were projected on a wall 84 in. from S, 
occupying 32 X 22-in. rectangles, 48 in. apart, 
with lower edges 54 in. above the floor. (5) The 
second E (who observed eye movements) 
had the upper part of his body enveloped in a 
structure of black cloth with a cheesecloth 
screen in front. He made sundry sounds from 
time to time to disguise the coincidences between 
clicks coming from the recording equipment 
and S’s eye movements. (c) The Ss were told 
that they would be asked to estimate the time 
for which each pair of figures was exposed, and 
that noises would come from behind the screen 
to distract them. Questioning revealed that, 
thanks to these instructions and to the other 
expedients, the true purpose of the experiment 
was successfully concealed from Ss, which was 
not the case in the previous experiment. 


TABLE 1 


FIXATION TIMES AS PERCENTAGES OF Expost'RE TIME 








10-Sec. Exposures 


2-Min. Exposures 





Category Variable 
Com- 
plex 
Figures Figures 
Irregularity of 
arrangement 
Amount of material 
Heterogeneity of 
elements 
Irregularity of shape 








Method.*—The 20 pairs of figures in Categories 
A-E of the previous experiment were divided 
into four series, each containing one pair from 
each category in a random order. Sixteen 
undergraduates were divided into two groups 
of eight. The Ss in one group had a series of 
five pairs projected for 10 sec., followed by 
another series projected for 2 min. The other 
group had these treatments in the reverse order. 
The four series were used equally often in all 
conditions. 

The procedure was as in the previous experi- 

1 This study was supported by a grant from the Ford 
Foundation. 

? Bertyne, D. E. The influence of complexity and 
novelty in visual figures on orienting responses. J. 
exp. Psychol., 1958, 55, 289-296. 


*R. Walley acted as research assistant for the 
experiment. 


Figures | Figures 


Results —The percentages of the exposure 
time spent looking at the more complex (or 
incongruous) figures and at the less complex 
(or incongruous) figures in each category are 
shown in Table 1. The percentages for the 
2-min. exposures are remarkably close to the 
percentages for the 10-sec. exposures (Cate- 
gories A-E) in the previous experiment (i-e., 
49% and 33%, respectively) and in the present 
experiment. 

The differences for the 10-sec. exposures 
in the present experiment are not significant 
for all categories. But this is not surprising, 
since each S had five pairs of figures, as com- 
pared with 20 in the previous experiment. 


(Received November 18, 1957) 
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ERRATUM 


In the article ““Time-Order Errors in Comparative Judgments of Hurtful- 
ness” by Robert H. Geertsma (J. exp. Psychol., 1958, 55, 284-288), the second 
P value under Table 1 (p. 286), which is associated with the interaction of 


intervals and conditions, should read: P < .10. 
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